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PREFACE. 



The authors of this Treatise, in the course of an extensive 
experience as instructors of youth, arrived at the conclusion, 
" That one of the hest methods of hecoming acquftinted 
with the principles of Geography, and also of ohtaining an 
exact knowledge of the situation of places upon the earth, 

is hy the Use of the Glohes." Upon this principle the 

• * 
following work was prepared. If to the li^eful study of it 

the perusal of the narratives of our ' chief navigators and 
travellers he added, little else will he required in order to 
ohtain a correct view of the physical and political condition 
of the earth and its inhahitants. 

In order to meet the views of those whose period of in- 
struction is too limited to admit of the requisite course of 
reading, a compendium of descriptive geography was 
added to the later editions of the work. By degrees, that 
which was at first hut a trifling appendage has swollen into 
a Treatise of some size. Under these circumstances, the 
puhlishers, in order to suit the convenience of all parties, 
have resolved upon puhlishing, in a separate form, that por- 
tion of the work which originally constituted the whole — 
the Treatise on the Use of the Glohes. 



6 PBEFACS. 

In preparing this edition for the press, few changes have 
heen made. The great features of the earth and the 
heavens do not vary with the revolutions of empires. The 
progress of astronomical discovery, however, has required 
the insertion of much important information which was 
unknown to the original authors of the work. 

Newcastle-upon-Tyne, 
Jan. 28, 1850. 
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INTRODUCTION 



TO 



THE USE OF THE GLOBES. 



PART I. 

CONTAINING PROBLEMS ON THE TERRESTRIAL GLOBE. 

DEFINITIONS. 

1. The terrestrial globe is a representation of the earth 
on a globular surface, showing the relative situations of the 
places upon it. 

2. A map is a representation of the earth, or of a part 
of it, upon a plane surface. 

3. The axis of the earth is an imaginary line passing 
through its centre, round which it turns from west to east, 
once in 24 hours. 

This is represented in globes by the wire which passes through them, 
and on which they torn. 

4. The poles are the two ends of the axis : one is called 
the norths and the other the soM pole. 

5. The equator is that line supposed to be drawn round 
the middle of the earth, at an equal distance from both 
poles : it divides the earth into two equal portions, called 
the northern and southerfi hemispheres. 

The equator, when referred to the heavens, is called the equinoctial : 
it is sometimes called the line, or equinoctial line, 

6. Meridians are lines drawn from one pole to the other, 
directly across the equator. 

They are so called, because when any of them is, by the motion of the 
earth, brought directly opposite to the son, it is mid-day (meridies) 
there. 
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As each place is in succession presented to the sun, the meridians 
must be considered as indefinite in number. Not to obscure the surfiice, 
they are usually drawn only through every five or ten degrees. On 
maps they always run from top to bottom* 

The brass circle on which the globe hangs, and which is called the 
brazen fneridian, may be made to represent the meridian of any place. 
It is divided into four parts, of 90** each*. On one semicircle the 
degrees are numbered from the equator towards the poles ; on the other 
from the poles to the equator. The former is used in finding the lati- 
tude of places, the latter in elevating the globe. 

7. Laiitude is the distance of any place, north or south, 
from the equator. 

The latitude of a place can never exceed 90% that being the distance 
of the poles from the equator. It is reckoned by degrees and minutes on 
the brass meridian, but in maps at the sides. 

8. The longitude of a place is the distance of the meri- 
dian of that place, east or west,, from the first meridian. 

On globes it is reckoned on the equator ; but in maps at the top or 
bottom. Geographers in diffisrent countries have fixed upon different 
places for the jlnt meridian. The Dutch have fixed upon the Peak of 
Tenerifife; the French reckon from Paris; and the English from the 
meridian of Greenwich. The greatest longitude any place can have is 
180^, or half the circumference of the globe. 

9. Parallels oflatitttde are circles drawn parallel to the 

equator. 

The circles on the globe drawn to represent the parallels of latitude 
become smaller the fiuther they are distant from the equator; that 
representing the parallel of 60% is only half the size of the equator. In 
all maps they are the lines drawn from one side to the other. 

SECTION I. 

PROBLEM I. 

To find the Latitude and Longitude of any place. 

By the Globe. — Bring the given place to the hrass 
meridian; then the degree of the meridian directly over 
it shows the latitude, and the degree of the equator under 
the meridian shows the longitude. 

* Every circle is, by geometers, divided into 360 degrees. 
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By Maps. — Asiiertain with a pair of compassee the dis- 
tance from the nearest parallel and meridian when these 
are not drawn through the place, and at one side and at 
the top or bottom of the map the degree of latitude and 
longitude will be found. 

To distinguish East from West Longitude. 

RtTLS. — If the figures increase towards the right hand, 
the longitude is eaat; if towards the left, it is west, 

EXAMPLES. 

1. Required the latitude and longitude of Edinburgh. 

Bring Edinbiugli btlow the meridian ; we find, oyer it neariy, the 56th 
degree of North latitude ($5° 58'), and the point where the meridian cuts 
the equator is nearly 8^ (3* 12^ degrees west of London. 

Required the latitude and longitude of the following 
capital cities of Europe. 



2 London 

3 Copenhagen 

4 Stockholm 

5 Petersburg 

6 Paris 



■ 7 Amsterdam 

8 Vienna 

9 Berlin 
10 Presburg 



12 Lisbon 

13 Madrid 

14 Rome 

15 Naples 

16 Constantinople 



11 Berne 
Of the following sea-ports in Europe. 

17 Dunkirk 20 Nice 23 Port Mahon 

18 Genoa 21 Revel 24 RocheUe 

19 Malaga 22 Ismael 25 Tomea 
Of the following places situated in Asia. 



26 Astracan 

27 Tobolsk 

28 Irkutsk 

29 Pekin 

30 Lassa 



31 Cashgar 

32 Samarcand 

33 Aleppo 

34 Ava, in Bur- 

mah 



35 Calcutta 

36 Delhi 

37 Ispahan 

38 Mecca, in 

Arabia 



EXAMPLES FOB MAPS OF ENGLAND AND GERMANY. 

39 Newcastle 43 Portsmouth 47 Ulm 

40 Hull 44 Plymouth 48 Frankfort on the 

41 Yarmouth 45 Bristol Maine 

42 Dover 46 Liverpool 49 Lev^%\& 
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50 HanoYer 52 Munich 54 Olmutz 

51 Dresden 53 Magdeburg 55 Stralsund 

PROBLEM II. 

Having the Latitude tmd Longitude given, to find thepkice. 

By the Globe. — Bring the given longitude to the brass 
meridian; then, under the given latitude marked on the 
brass meridian, is the place sought. 

By Maps. — The latitude and longitude being found at 
the sides and ends of the Map, imaginary lines may, with 
the aid of a pair of compasses and ruler, be extended from 
these points, which will meet at the place required. 

EXAMPLES. 

1. What place is situated in 48'' 23' N. L. and 4° 39' 
W. L. from London ? Answ. Brest in France. 

Required the names of the places situated in Africa, 
whose latitudes and longitudes are as follow : — 

2. 30° 3'n. 31** 21' E. 

3. 36 47 N. 10 16 E. 

4. 12 45 N. 37 30 E. 

5. 14 On. 33 E. 

6. 34 29 8. 18 23 E. 
Of these in America : — 

7. 46** 47' N. 71° 10' w. 

8. 39 57 N. 75 13 w. 

9. 39 N. 77 10 w. 

10. 19 26 N. 100 6 w. 

11. 29 58 N. 89 59 w. 

12. 13 s. 77 55 w. 

13. 12 1 8. 76 49 w. 

14. 34 35 8. 58 31 w. 

15. 22 54 8. 44 44 w. 

16. 6 N. 55 30 w. 

17. 4 56 N. 52 15 w. 
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Of these islands in the Atlantic: — 

18. 32* 37' N. 16° 56' w. 

19. 

20. 

21. 

22. 

23. 

24. 

EXAMPLES FOB A MAP OF FRANCE. 

Places seated on the River Seine. 



32* 


37' N. 


37 


47 N. 


27 


47 N. 


15 


10 N. 


1 


30 s. 


7 


57 s. 


15 


55 s. 



25 


42 w. 


17 


46 w. 


23 


5 w. 


7 


20 w. 


13 


59 w. 


5 


49 w. 



25. 


48° 18' N. 


4° 


4'e. 


26. 


48 34 N. 


2 


40 E. 


27. 


48 50 N. 


2 


20 E. 


28. 


49 26 N. 
Places on the Loire, 


1 


10 E. 


29. 


46° 59' N. 


3° 


9'e. 


30. 


47 54 N. 


1 


54 E. 


31. 


47 24 N. 





40 E. 


32. 


47 13 N. 

Places on the Ehone. 


1 


33 w. 


33. 


45° 46' N. 


4° 


49' B. 


34. 


45 N. 


4 


50 E. 


35. 


43 57 N. 


4 


48 E. 



PROBLEM III. 

To find the Difference of Latitude between two places, 

1. If the latitudes are of the same name, substract the less 
from the greater; if of contrary names, add them together. 

In doing this and the next problem, either globes, maps, or tables of 
latitude and longUvde, may be used. 

When the two places are in opposite hemispheres, their latitudes being 
reckoned differeiU ways, their snm must be taken; but when they are 
in the same hemisphere, their latitudes being reckoned the same way, 
their difference only must be taken. 
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BXAMPLX8. 

1. What is the difference of latitude hetween North 
Cape and C. Matapan in Europe? Ans. 34° 40^ 

2. Between Tunis and C. of Good Hope ? Ans. 71** 16'. 

3. The middle of Nova Zemhla and C. Comorin? 

4. The mouth of Copper-Mine R. and Acapuloo ? 

5. Between Cape Vela and Cape Horn, in S. America ? 

6. The south Cape of N. Holland and Torres Strait ? 

7. Between Cape Wrath and Lizard Point ? 

8. Dunkirk and Perpignan ? 9. Madrid and Mexico ? 

10. Between London and Botany Bay? 

11. St. Jago, one of the Cape Yerd Is., and St. Helena ? 

12. The Cape of Good Hope and Cape Comorin ? 

13. Calcutta and Batavia? 14. Manilla and Canton ? 
What is the difference of latitude hetween the following 

sea-ports in Europe ? 

15. Archangel and Bergen? 21. Brest and Bordeaux? 

16. Christiana and Gottenburg? 22. Corimna and Oporto? 

17. Stockholm and Tomea? 23. Lisbon and Cadiz? 

18. Petersburg and Dantzic? 24. London and Gknoa? 

19. Copenhagen and Hamburg? 25. Newcastle and Leghorn in 

20. Amsterdam and Dunkirk? Italy? 

B.equired the difference of latitude hetween, 

26. St. Salvador and Surinam. 29. Vera Cruz and Cape Horn. 

27. Porto Bello and Magellan's St. 30. St. Helena and Manilla in 

28. Trinidad and Trincomalee. the Philippine Islands. 

PROBLEM IV. 

To find the Difference of Longitude and of Time between 

two places. 

1 . If the longitude of hoth places he of the same name, 
suhtract the less from the greater ; if of different names, 
add them together for the difference of longitude. 

The distance of two places can never be greater than half the circum- 
ference of the globe,- or 180°; when, therefore, at adding, the sum ex- 
ceeds that, subtract it from 360°, for the true difference. 

2. To find the difference of time, divide the numher of 
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degrees thas ascertained by 15 for the answer in hoars; if 
there be a remainder, multiply it by 4 for minutes. 
To reduce Hours into Degrees. — Multiply them by 15. 

The principle of these rules is this : the sniiy in his apparent motion 
round the earth, does his daily journey of 360° in 24 hours, which is at 
the rate of 15° in an hour, or 1° in 4 minutes. 

3. Another and perhaps easier way of reducing difference 

of longitude to time is the following : — Multiply the degrees 

and minutes by 4, and the product will be the answer in 

minutes and seconds. Thus, the difference of longitude 

between Lisbon and Philadelphia being, 

QQ"" 9' 



60)244 36 



4h. 24m. 86s., the difference 
of time between the two places. Conversely; divide the 
time in minutes and seconds by 4, and the quotient will be 
the answer in degrees and minutes. 

EXAMPLES. 

1. What is the diff. of long, and time between Lisbon 
and Philadelphia ? Ans. eQ° 9'=4 hrs. 24 min. 

2. What is the difference of longitude and time between 
Newcastle and Moscow ? Ans. 39° 9'=:2 hrs. 36 min. 

3. Between Constantinople and Pekin ? 

4. Otaheite and Tongataboo, in the Pacific Ocean ? 

5. London and Quebec ? 6. Acapulco and Macao ? 

7. Port Sir Francis Drake, in America, and Nankin ? 

8. Pico, one of the Azores, and Botany Bay ? 

9. Vera Cruz and Siam ? 10. Bergen and Bombay ? 

11. Bermudas Islands and Island of Rhodes ? 

12. Mount Hecla and Mount Vesuvius? 

13. Constantinople and Batavia? 

14. Juan Fernandez and New Caledonia? 

15. Easter Island and Tongataboo? 

16. Marquesas and Navigators' Islands? 

17. Christmas Island and the Pelew lekadaA 
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18. Owhyhee and the Ladrone Islands? 

19. Oonalashka, on the north-west coast of America, and 
Jesso, on the north-east coast of Asia ? 

BXAMPLIS FOE A MAP OF BUBOPB AND ASIA. 

Wliat u the difference of longitude between the following places 1 

20. Gibraltar and Barcelona] 28. Bombay and Csicuttal 

21. Malaga and •Naples 1 29. Smyrna and Canton? 

22. Toulon and Venice ? 80. Calicut and Aracani 

23. Bome and Athens? 81. Ormuz and Okhotsk? 

24. Corinth and Akerman? 82. Mocha and Pondicheny ? 

25. Marseilles and Ancona? 83. Bhodes and Nankin ? 

26. Bilboa and Leghorn? 84. Iscanderoon and Madras? 

27. Genoa and Azof? 85. Surat and Batavia ? 

PROBLEM V. 

To find all those places that have the same LaMtude with a 

given place. 

By the Globe. — 1. Bring the given place to the hrass 
meridian, and ohserve the latitude. 

2. Turn the glohe round, and all places that pass under 
the latitude will he those required. 

By Maps. — 1. If a parallel of latitude he drawn through 
the given place, ohserve all those places which lie on it. 

2. If not, an imaginary line may he drawn evenly with 

the nearest parallel. 

The Tariety of the seasons, and the difference of the lengths of the 
days and nights, depending upon the difference of latitude, all places that 
have the same latitude have their seasons exactly alike, except what 
difference may arise from the local situation of the place : they have also 
the days and nights of the same length at the same time ; but the hours 
of the dsy are different. 

EXAMPLES. 

1. What places have the latitude of Stockholm ? 
Answ. Petershurg ; Vologda ; Narjon and Okhotsk, in 

Asia ; Lake Athahasca ; Churchill Fort, on Hudson's Bay ; 
Cape Chidley, in Lahrador ; Cape Farewell, in Greenland ; 
and Mainland, one of the Shetland Islands. 

2. What places have nearly the same lat. as Edinhurgh ? 
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Answ. — Elsinore, Memel, Polotsk, and Moscow, In Eu- 
rope ; Casan and Tomsk, in Asia ; Behring's Island ; and 
Alashka and Severn House, in America. 

What places have nearly the same latitude as, 

3. London? 8. St. Helena? 

4. Philadelphia ? 9. Cape of Good Hope ? 

5. Jerusalem ? 10. Cook's St. in New Zealand? 

6. Jamaica? 11. Tranquehar? 

7. Quito? 12. Batavia? 

PROBLEM VI. 
To find aU those places that have the same Longitude with a 

given pUice, 

By the Globe. — Bring the given place to the hrass meri- 
dian, and mark all the places then under the meridian, for 
the answer required. 

By Maps. — Find the longitude of the given place ; then 

ohserve all those places that are upon the same meridian, 

or that are situated at the same distance from the nearest 

meridian as the given place. 

All places tliat have the same longitude have noon and midnight at 
the same time ; the other hoois of the day also correspond. 

examples. 

1. What places have nearly the same longitude as 
London? Answ, Poictiers, in France; Valencia and Ali- 
cant, in Spain ; Oran ; and Cape Coast, in Africa. 

2. What places have nearly the same longitude as Genoa? 
Answ. Christiansand, Bremen, Berne, Corsica, Sardinia, 
and Tunis. 

What are the places whose longitude is nearly the same 
as that of the following ? 

3. Cape of Good Hope ? 9. Duhlin ? 

4. Petersbui^? 10. Sandwich Islands? 

5. Ispahan ? 11. Pelew Islands ? 
6 Pekin? 12. Stockholm? 

7. Jamaica? 13. Bombay? 

8. Quebec? 14. Isle of Tvca»si\ 



18 TXREBSTBIikL OLOBB — ^PBOB. VI. 

QUMTiom roE izBBoin n raonoN i. 

Whftt ara the latitiidet And longitudes of, 

1. Bergeni 5. Turin? 9. Okndlat 

2. Moscow 1 6. XJpsall 10. Jaddol 
S. Elsinore? 7. Alexandria 1 11. Lubeck 
4. Barbadoea? 8. Prague? 12. Moch«? 

What places correspond to the following latitudes and bngitadet? 
18. 88° 20' R. 1. 44° 24' s. l. 



14. 


6 15 1. L. 


106 25 B. lu 


15. 


86 81 M. I.. 


6 12 W.X.. 


16. 


51 6 H. L. 


18 81 E.L. 


17. 


49 59 N. L. 


19 50 E.L. 


18. 


80 12 V. L. 


91 20 H.L. 



19. Lord Nelson obtained a victory over the French fleet near lat 
81° 11' N., long. 80° 22' S. : point out the place on the ^be. 

20. What places are in the same longitude as Moscow? 

21. What places have the same longitude as Delhi ? 

22. What places have the same longitude as Astracan? 
28. What places have the same longitude as Malacca ? 

24. Where else is it midnight when it is midnight at limal 

25. In the summer of 1827 Captain Parry arrived at 82° 45' N» lat, 
20° E. long. : point out the place. 

QUBSTIOKS VOB IXAXXlTAinOir IIT BBOnoH I. 

Into how many degrees is a circle divided 1 What is the axis of the 
earth? What are the poles? What is the equator? What are meridians? 
What is the brazen meridian ? How is it divided and numbered ? How 
are meridian lines drawn on maps ? 

What is latitude? How many kinds of latitudes are there ? What 
is the greatest latitude any pkce can have ? Are there any places that 
have no latitude? 

What is longitude? Which is the first meridian? How is longitude 
marked upon the globe and upon maps ? What are parallels of latitude ^ 
How are parallels of latitude drawn on maps ? 

How are the latitude and longitude of anyplace found upon the globe? 
How are they found upon maps ? How may east longitude be distin- 
guished from west ? 

The latitude and longitude of a place being given, how is the place 
found? How is the difference of latitude between places found? How 
is the difference of longitude found ? What is the greatest difference of 
longitude that can be between two places ? If, in finding the difference 
of longitude between two places of different names, the sum is more than 
180°, how is the true diffsrence found ? 
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How are degreei reduced into hovaw, and the contrary 1 How are all 
those places found which have the same latitude as any giren place 1 
How are all those places found which have the same longitude with a 
given place? Have places of the same longitude the same hours of the 
day at the same time 1 



SECTION 11. 



DEFINITIONS. 

1. The horizon is either rational or sensible. 

2. The rational horizon is a great circle, dividing the 
upper from the lower hemisphere. 

3. The sensible horizon is that circle which is the boun- 
dary of our sight, or which separates the visible from the 
invisible portion of the earth's surface. 

The sensible horison increases in proportion to the elevation of the. 
spectator; thus a person at the top of a mountain has a more extensive 
prospect than another person at the bottom. 

The horizon of a place varies according to its latitude and longitude. 

The horizon, on the globe, is a circular flat piece of wood, which 
SBStains the globe, and which represents the rational horizon. It oon> 
tains several eirdes : the innermost it maiked with the points of the 
mariner^s compass; the next exhibits the twelve signs of the aodiac : 
beyond which is a calendar, showing the months and days of the months, 
corresponding with the signs and their respective degrees ; these show 
the sun's place in the ecliptic, called the Jim's Unifitude, for any given 
day. 

4. The zenith is that point in the heavens directly over 
our heads, and is at an equal distance from all points of the 
horizon. 

5. The nadir is that point in the heavens opposite the 
zenith, and is directly under our feet. 

The zenith and nadir are the poles of the horizon, being each 90° dis- 
tant from it 

The quadrant of alHtttde is a thin slip of brass or other material, di* 
vided into 90°, and is used to measure the distance of places, altitudes of 
the sun or stars, &c 

6. Aniceci (from the Greek am-o»xoi, dwelling o^qq« 
site) are those who live under the B&me m<^<^«CL V^ ^^ 
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different sides of the equator, and at equal distances from 
it ; or they are those that have the same longitude but op- 
posite latitudes. 

The appeafunees to the cmtceei are these: — 

They have the same hours, but contrary seasons at the same tune : 
thus^ when it is noon to the one it is noon to the other, and when it is 
summer with the one it is winter with the other. 

The days of the one are equal to the nights of the other; and the 
nights of the one to the days of the other. 

The stars that never set to the one never rise to the other ; and 
contrariwise. 

Those who live at the equator have no antceci. 

7. Periosci (from the Greek 7r6p»-otxo», dwelling about 
or over) are those who liye under opposite meridians but 
on the same side of the equator, and at equal distances from 
it ; or they are those who have the same latitude but oppo- 
site longitudes. 

The appearances to the periceci are these: — 

The hours of the day, though nominally the same, are really con- 
' trary ; for when it is noon with the one it is midnight with the other ; 
and when it is two in the morning with the one, it is two in the after- 
noon with the other, &c. 

They have the same seasons of the year at the same time. 

The length of the day or night at any place is always the same as it 
is to the perioeci of that place. 

The sun and stars rise to both places on the same point of the hori- 
zon, and are the same number of hours above or below it. 

The same stars that never rise or set to the one place never rise or set 
to the other. 

Those who live at the poles have no perioeci. 

8. The Antipodes (from the Greek nvri-voh? having 
the feet opposite) are those who live diametrically opposite 
to each other ; or they are those who have both opposite 
latitudes and opposite longitudes. 

A line, supposed to be drawn from any place through the centre of 
the earth, and continued to the opposite side, will point out the antipodes 
of that place. The north and south poles are antipodes to each other. 
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The appearanees to the antipodes a/re Uiese : — 

The hours of the day are contrary, it being noon to the one when it is 
midnight to the other. 

They have contrary seasons at the same time. 

The days of the one are equal to the nights of the other ; hence the 
shortest day to the one is the longest day to the other. 

The sun and stars rise to the one when they set to the other, all the 
year round, — for they have the same horizon; but the zenith to the one 
is the nadir to the other. 

Those stars that are always above the horizon of the one place are 
always under the horizon of the other. 



PROBLEM VIL 
To find the Antceci of any given place. 

By the Globe. — Bring the given place to the meridian ; 
and having found its latitude, count as many degrees from 
the equator towards the contrary pole, and the point thus 
arrived at will he the antoeci required. 

By Maps. — Having found the latitude and longitude of 
the place, find another place of the same longitude whose 
latitude is equal to the former, but of a contrary name. 

examples. 

Required the antoeci of the following places : — 

1. Malta. ^Ts^K'. Cape of Good Hope, nearly. 

2. Potosi^ in South America. Answ, Hispaniola. 

3. Quebec. Answ. Patagonia, in South America. 

4. Van Diemen's Land. 9. Is. of Bermudas. 

5. Madagascar (south point). 10. Falkland Isles. 

6. Cape Horn. 11. Boston, U. S« 

7. Juan Fernandez. 12. Azof. 

8. Kerguelen's Land. 13. Sandwich Is. 

14. A ship in the Indian Ocean was in longitude 80° E. 
and in latitude 13° S. : required the antoeci to that place. 

Required the antoeci to the follovnng longitudes and 
latitudes : — 



23 TBRRB8TBIAL OLOBB^-PROB. VHI. 



15. 


Ilia's. 


22^8. 


21. 


156** w. 


20*»s. 


16. 


30 B. 


60 8. 


22. 


150 w. 


17 K. 


17. 


41 B. 


21|8. 


23. 


173 w. 


20 N, 


18. 


9 w. 


39 8. 


24. 


151 B. 


34 w. 


19. 


76 w. 


18 8. 


25. 


165 B. 


20 N. 


ao. 


25 w. 


15 8. 


26. 


SS^B. 


22|8. 






PROBLEM VIII. 





To find the Periceci of any given place* 

By thb Globe. — Bring the given place to the brass 
meridian, and set the index to 12. 

Turn the globe till the index point to the other 12 ; that 
place, below the meridian, whose latitude is equal to that of 
the given place is the perioeci required. 

By Maps. — Subtract the longitude of the given place from 
180, and the remainder will be the longitude of the perioeci 
of a contrary name. 

Find, by Prob. I., a place whose longitude is equal to 
this, and whose latitude is the same with that given. 

EXAMPLES- 

1. What place has its inhabitants the perioeci of New- 
casde-upon-Tyne? Anew. The Aleutian, or Fox Islands. 

2. What place has its inhabitants the perioeci of Quito? 
Answ, Podang, in the island of Sumatra. 

3. Who are the perioeci of California, in N. America ? 
Required the perioeci of the following places : — 

4. St. John's, Newfound- 8. Mindanao. 

land. 9. Petersburg. 

5. Philadelphia. 10. Sandwich Islands 

6. GulfofSiam. 11. Society Islands. 

7. Cook's Strait. 12. Martinique. 

Required the perioeci to the following latitudes and 
longitudes :— 
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13. 


179^** B, 


45° N. 


17. 


116° w. 


40° N. 


14. 


132 w. 


46 N. 


18. 


]02iw. 


28iK. 


15. 


158^ w. 


45 N. 


19. 


84 B. 


19 K. 


16. 


143 w. 


35iK. 


20. 


127iB. 


47iN. 






PROBLEM IX. 







Top/id the Antipodes of anyplace. 

Bring the given place to the brass meridian, observe the 
latitnde, and set i^e index to 12. Turn the globe ronnd 
till the index point to the other 12, count as many degrees 
from the equator towards the contrary poles as are equal 
to the latitude, and the place thus arrived at will be the 
antipodes required. 

Or find the antoBci of the given place, and the periceci of 
this will be the antipodes of the first place. 

Or, bring the given place to any part of the horizon, and 
the place at the opposite point of the horizon will be the 
antipodes. 

EXAMPLES. 

1. What place is that the inhabitants of which are the 
antipodes to Pekin ? Anew. Near the mouth of the river 
Sauces, or Colorado, in Patagonia. 

2. Where are the antipodes of London ? Answ, A little 
S. of New Zealand, in long. 180°, and 51° 30' S. lat. 

What are the antipodes of the following places ? 

3. Cape Horn. 9. Juan Fernandez. 

4. Otaheite. 10. Friendly Isles. 

5. New Caledonia. 11. Philippine Isles. 

6. Buenos Ayres. 12. Sierra Leone. 

7. Falkland Islands. 13. Pelew Islands, in the 

8. Madrid. Eastern Archipelago. 

14. A ship, in die Pacific Ocean, found its lat. 51^° S. 
and long. 180°,— required the antipodes. 

15. Suppose a line drawn from the island of Jamaica 
through the centre of the earth, in what part ^ovM. "^Scb^ 
line meet the surface of the earth on die o^^o^\\.<^ «i\^\ 
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16. Required the antipodes to the Bermudas. 
Required the antipodes of the following longitudes and 
latitudes : — 



17. 


73° w. 


6° N. 


23. 


106° w. 


15*** 8. 


18. 


157 w. 


37*8. 


24. 


103 B. 


12 N. 


19. 


98 B. 


23 8. 


25. 


144* w. 


32 8. 


20. 


174 E. 


16 N. 


26. 


165 B. 


28 8. 


21. 


166 w. 


38 8. 


27. 


175 B. 


36 8. 


22. 


162 w. 


60 s. 


28. 


177 B. 


56 8. 






PROBLEM X. 







To elevate the Globe /or the Latitude of any place. 

Elevate the pole, which is of the same name with the 

latitude, as many degrees as are equal to it, and hring the 

given place to the hrass meridian. 

When the globe is rectified for the latitude of any place, that place is 
in the zenith, and the wooden horizon represents the rational horizon of 
the place. 

BXAMPLBS. 

1. Elevate the glohe for Lishon. 

An8, The latitude of Lishon is 39° N. ; hence the 
north pole must he raised 39° ahove the horizon, and Lis- 
hon hrought to the hrass meridian. 

2. Elevate the glohe for the Cape of Good Hope. 

Aim, The Cape of Good Hope has 35° S. L. ; hence the 
south pole must he raised 35° ahove the horizon, and the 
Cape of Good Hope hrought to the meridian. 

PROBLEM XI. 

To find the Distance between two Places, 

Case /. — When the distance is less than 90°. 

1. Lay the quadrant of altitude over hoth the places, 
so that the division marked may he on one of the 
places ; then the degree cut hy the other place will show 
the distance in degrees. 



TEBBB8TBIAL OLOBE— -PBOB. XI. 25 

2. Multiply these degrees by 69^, and the product will 
be the distance in English miles. 

, It will in general be sufficiently accurate to multiply by 70. 

Case II. — Wh&a the distance is greater than. 90^ 

!• Find the antipodes of one of the places, and by 
Case I, measure the distance between it and the other. 

2. Subtract this distance from 180, and the remainder 
will be the whole distance required. 

EXAMPLES. 

Bequired the distance between London and 

1. Copenhagen. Ans, 9°, = 625 miles. 

2. Stockholm. Ans. 13% = 903 miles. 

3. Petersburg. 11. Constantinople. 

4. Amsterdam. 12. Grand Cairo. 

5. Paris. 13. Jerusalem. 

6. Berlin. 14. Madras. 

7. Vienna. 15. Botany Bay. 

8. Berne. 16. Otaheite. 

9. Lisbon. 17* Manilla. 
10. Rome. 18. Navarino. 

19. What is the length of Europe, from Lisbon, in the 
west, to the Uralian mountains, in the east ? 

20. How far is Constantinople from Pckin ? 

21. What is the breadth of N. America from the Pro- 
montory of Alashka to Cape Charles ? 

22. What is the breadth of S. America from Cape 
Blanco, in Peru, to Cape St. Roque, in Brazil ? 

23. What is the breadth of Africa from Cape Verd, 
in the west, to Cape Guardafui, in the east ? 

24. What is the distance between Cape Verd, in Africa, 
and Cape St. Roque, in America ? 

25. What is the distance between Panama, in America, 
and Manilla, one of the Philippine islands ? 

26. Between Bombay and Nootka Sowii^l 
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d7. What is the distance between Newcastle and JVUta, 
by way of Gibraltar ? 

28. The following is the track pursued by Captain Cook, 
in his first voyage, — required its length. 

From Portsmouth to Cape Verd Isles, 
Cape Verd Isles to Cape Horn. 
Cape Horn to Otaheite. 
Otaheite to New Zealand, Cape South. 
Cape South to Port Hicks, in New Holland. 
Port Hicks, in New Holland, to Endeavour Straits. 
Endeavour Straits to Batavia, in Java. 
Batavia, in Java, to the Cape of Gope Hopeu 
Cape of Good Hope to Ascension Island. 
Ascension Island to the Azores. 
Azores to England. 

29. How many miles will be gone over in the following 
route : — from Newcastle to Carlisle, Lancaster, Liverpool, 
Shrewsbury, Birmingham, Gloucester, Bristol, Oxford, and 
London ? 

QTTESTIOKS FOB EXAHIKATION IN SECTIOIT IZ. 

What are the antoeci, and what is obserred of their houn'of the day 
and seasons of the year 1 What are the perioeci^ and what is obBerred 
of their hours of the day and seasons of the year ? What<aie the anti- 
podes, and what is observed of their honrs of the day and seasons of the 
yearl 

How is the horizon distingoished ? What is the Bemoble horizon 1 
What is the rational horizon] What is the wooden horizon] Does it 
represent the sensible or rational horizon ] What circles are marked upon 
the wooden horizon, and what is their nse 1 

What is the zenith of any place, and what is the nadir ] What is the 
qnadrant of altitude, into how many degrees is it divided, and what is its 
principal use ] 

How are the antoeci, the periceci, and the antipodes of any place found 
upon the globe, and how npon maps ] Where must those people live who 
have no antoeci ] What point upon the globe has no periosci] Where are 
the antipodes to the north pole ] 

How is the globe elevated for the latitude of any place ] 

How is the distance of two places found, when that distance is less than 
90'] How is the distance of two places found, when it is more than 
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90""? Why must degrteB be multSpHed by fi^i to bring them to Uo^fiA 

miles? 

■ft 

QvaanoKS sob aTMorgi iv B^onos iz. 

Seipiired the antaad ansveiing to the following : 

ZaUiudi. 





LoTigiiucU, 




1. 


83» 


16' E. 


2. 


72 


18 w. 


3. 


170 


Ow. 


4. 


IS 


48 B. 



84«» 


80' & 


19 


46 s. 


U 


Ow. 


86 


10 s. 


56" 


O'k. 


17 


6v. 


11 

• 


42x1. 


ing: 
52° 


O's. 


68 


30 8. 


a» 


•51 8. 



Seqnired liie ferioeci OBSwcriiig tothe idlowiiig : 
JL 20» 0' w. 

«. 88 2w. 

7. 100 8 w. 

GUve the antipodes coiresponding to the following : 

8. 171* 80^ B. 

9. 160 B. 

10. 176 6 w. 

11. Required the ihortett distance between Africa and America. 

12. Required the number of miles that an East India ship sails in her 
Toyage from London to Madras. 

13. How many miles must a ship sail in going from St. John*s, in 
Newfoundland, to Nootka Sound, — and what is the di£ference between 
this distance and the direct distance between the two places 

14. How many miles does a ship sail in her voyage from London to 
Botany Bay, supposing her to go in as straight a course as possible 1 

15. What is the distance between the north and south Poles 1 
Measure the distaoKos between the fallowing places en a map. 

16. Ushant klood and Stiatbiug. 20. Havre de Grace and 

17. Calais and Montpellier. Nice. 

18. Bordeaux and Narbonne. 21. St. Maloe and Marseilles. 

19. Caen and Geneva. 22. Toulouse and Fans. 



SECTION III. 



DEFINITION. 



The horary^ or hour circles, are Bmall circles on the globe, 
placed at the north and south poles, Laying tlie hours of the 
day marked upon them, with an index to each. 

THE TIME OF mFFERENT PLACES COMPARED. 

The earth, turning on its axis from teeftt \a eost^ «i»QAASk ^ 
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different part of its surface to be successiyely presented to 
the sun. When the meridian of a place is directly opposite 
the sun, it is noon to all places on that meridian. 

The meridians which lie to the east will come opposite 
to the sun before those that lie to the west ; and hence the 
people there will have noon so much sooner, — ^the other 
hours of the day will be proportionably advanced. 

The earth taking 24 hours to turn round on its axis, the 
rate at which it turns per hour may be found by dividing 
360 (the number of degrees in the circumference of the 
globe) by 24: the quotient, 15, is the number of degrees 
the earth turns in an hour. Thus, a place that lies 15° to 
the east will have noon one hour sooner ; if it lie 30° or 
45°, it will have noon two or three hours sooner; and so on 
in the same proportion. 

Places that lie 15°, 30°, or 45° to the W. will have noon 
one, two, or three hours later ; and so on in proportion, 

PROBLEM XII. 

The Hour being given at any Place, to find what Hour it is 

in any Part of the World, 

1. Bring the place, at which the time is given, to the 
meridian, and set the index to the given hour. 

2. Turn the globe till the other place come to the meridian, 
and the index will show the time required. 

By Calculation. — Find the difference of longitude be- 
tween the two places, and reduce it to time. 

Add this difference of time to the given hour, if the place 
at which the time is required lie to the east ; but subtract it, 
if it lie to the west. 

1. If, in adding, the sum is greater than 12, take 12 away, and change 
the name from morning to afternoon hours, or vice versa. 

2. If, in subtracting, the diflference of time be greater than the given 
hour, add 12 to the given hour, and change the name. 

3. By this problem the longitude of places is determined ; for if by 
astronomical observation, or any other means, it can be known what hour 
it is at London, and at the place whose longitude is to be determined. 
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thifl difference of time, reduced to degrees, will give tlie longitude of 
tliat place ; and wHch will be east or west, according as the time is sooner 
or later. 

EXAMPLES. 

1. What hour is it at Boston, in America, when it is 
8 p.m. at London ? Ans, 18 min. past 10 a.m. 

This example performed withozU the globe. 

The longitude of Boston is 70^ 30', which, in this example, is the dif- 
ference of longitude » 4 hrs. 42 min. diff. of time. 

Boston lying to the west, this must be subtracted ; but the difference 
here being greater than the hour giyen, add 12 to the given hour, as 
directed in note 2, and change the name from j7.m. to a.i». 
Thus 3 hrs. min. j7.m. giyen hour. 
12 added. 



15 
4 42 difference of time, subtracted. 



Am, 10 hrs. 18 min. a,m. 



2. What is the hour at Pekin, when it is 9 a,m. at 
Lisbon ? AnB, 22 min. past 5 p.m. 

The difference of longitude is 125° 33' » 8 hrs. 22 min.; and as Pekin 
is east of Lisbon, this must be added. 

9 hrs. min. a.m,, giyen hour. 
8 22 difference of time. 



17 22 

12 subtracted. 



Am, 5 hrs. 22 min. j?.ni. 

Having the hour given at one place, required the hour at 
the other place given in the following examples : 

Flace where time it given. Given time. Place where lime u required. 
8. Newcastle, 11 a.m. Port Royal. 

4. — ■ 7 a.m. Madras. 

5. ■ 6 pm. Pelew Islands. 

6 5 a.m. 'NQQ\Sw*^wisA* 



30 
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Place where time is given, 

7. London, 

8. Cairo, 

9. Lisbon, 

10. Port Royal, 

11. Oporto, 

12. Warsaw, 

13. Naples, 

14. Geneva, 

15. Lyons^ 

16. Edinburgb, 

17. Presburg, 

18. Cherson, 

19. Venice, 

20. Constantinople, 

21. Calcutta, 

22. London, 

23. 

24. 

25. 



Oiven time. 

Noon 

9 a,7n, 
1 1 p,m. 
11 a.m. 

a.m. 
I0j).m. 

9 a.m. 

4 a»m. 
Midiu 

5 p.m» 
B p,m. 

1 a.m, 

2 a.m. 
8 p.m. 
7 a.m. 
Noon. 

4jt?.7W. 

4 p,m» 
4s p,m. 



Place v^e Uim u reqmncL 

Society Isles. 

Botany Bay. 

Canton. 

OwhyBee. 

Damascmr. 

Astracan.. 

Lassa (Tibet). 

Quito. 

Mexico. 

Delhu 

Sorat. 

Charleston. 

New York. 

Lima. 

Cayenne. 

Nankin. 
Rome. 
Madrasi 
Barbadoes. 



PROBLEM XIII. 

Having the Hour given ai anyplace^ to find where it is Noon. 

By the Globe. — Bring the given place to the meridian, 
and set the index to the given hour. 

Turn the globe till the index point to 12 at noon, and 
the places then under the meridian are those required. 

By Calculation. — Reduce the number of hours between 
the given time and noon into d^rees, and it. will be the 
difference of longitude between the places. 

When tke given hour is in the morning, the place where it is noon 
will lie so many degrees to the eastward ; hence the difference of longitude 
must ba added to the longitude of the given place, if it be E. ; but 
substracted from it, if it be W. 

When the hour is in the evening, tiie places where it is noon will lie 
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to the westwaid o£ the g^yen i^e : henoe tht difierenot of longitade 
must be added, if the longitude of tiie giyen place be W. ; but sub- 
tracted if it be B. ;^aiid the buq, or differenecj^ will be the longitude of 
the places required. 

1. If, in subtracting', the diS^nce of longitude be greater than the 
longitude of the given place, subtract the latter from the former— Hud 
the remainder of a eontfury wime will be tdia longitude required. 

2. I^ in adding, the aum excettds 180°, siibtxact it from 360% and 
the remainder will be the required longitude, but of a contrary namem 

3. By this problem, it may also be found where it is in any othei: 
given hour ; only, instead of turning the globe till the index point to 12, 
turn it till it point to the given hour. 

EXAMPLBS. 

1. Where is it noon, wben is ii 5 p»m» at Paris ? 

Cklcrdation, — 5 hours ^ 75° the difierence of longitude. As the given 
hour is evening, the places where it is noon will lie to the west The 
longitude of Paris is ^ 20^ E. : from this, according to the rule, T5^ 
ought to be subtracted ; but as that cannot be done, subtract 2° 20' from 
75° (as directed in note 1), and the remainder, 72° 40^, will be the 
longitude of the places required, and will be W., being of a contrary 
name. It will therefore be noon at Labrador, New England, Penn- 
sylvania, St Domingo, Terra Firma, Peru, &c 

2. Where is it noon, when it is 9 a.m. at Newcastle ? 
Anaw. Nisney Norogorod, in Russia; Armenia and 

Georgia; Bagdad; the middle parts of Arahia; Mocha; 
the Strait of Bahelmandeh ; the north-east part of Africa ; 
and the western coast of Madagascar* 

3. When it is 7 a.m. at Kingston, in Jamaica, where is 
it noon ? Arwo^ At London, and all other places which 
are situated under the meridian of London. 

4. At 40 m. past 2 p,m. at Ispahan, where is it noon ? 

5. Where is it noon, when it is 1 a.m. at New Zealand? 

6. Where is it noon, when it is midnight at London ? 

7. When it is 7 a.m. at Jerusalem, where is it noon ? 

8. When it is midaight at Mexico, where is it 9 a.m. ? 
&. Where is it noon, when it is 4 a.m. at Botany Bay ? 
10. Where is it midnight, when it is ^ past 10 a.m. at 

Bencoolen, in Sumatra ? 
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11. When it is 4f jo.m. at Paris, where is it noon ? 

12. At f past 7 a,m, at Shiraz, where is it noon ? 

13. Being noon at London, where is it ^ past 8 a,m, ? 

14. When it is 2 o'clock in the afternoon at London, at 
what place is it ^ past 5 in the afternoon ? 

15. Being noon at Bomhay, where is it ^ past 6 a,m,? 

16. When it is midnight at Bnisa, where is it S p.m, ? 

17. When it is | past 6 in the morning at Quehec, where 
is it 1 1 in the forenoon ? 

QUESTIONS FOR EXAMINATION IN SECTION in. 

What are the horary circles t How does the earth turn on its axis ? 
What is it that produces noon at any placet Do the meridians that lie to 
the east^ or those that lie to the west, come sooner opposite to the sun ? 

How long is the earth in turning on its axisi At what rate does it 
turn per hour? How is that found? How many degrees of longitude 
make an hour^s difference of time 1 To places that lie in 30° E. L. are 
the hours of the day more or less advanced than they are at London ) 

Haying the hour giyen at any place, how is it found what hour it is a 
any other place 1 Having the hour given at any place, how is it foun4 
where it is noon 1 

QUESTIONS FOB XXEBOISE IN 8E0TION lU 





When it is 


At 


What time is it at 


1. 


10 a.m. 


London, 


Calcutta and Canton 1 


2. 


8 a.m. 


Dublin, 


Pelew Is., Barbadoes, and Lima 1 


3. 


Midnight 


Rome, 


Owhyee and Easter Is. ? 


4. 


9 a.m. 


London, 


Botany Bay ? 


5. 


1 j?.m. 


Dublin, 


Boston, U. S. ? 



9. How much are the clocks at Barbadoes behind ours 1 

7. Where is it noon, when it is 3 a,m, at Newcastle ] 

8. Where is it noon, when it is 7 p.in. at Pekin? 

9. When it is midnight at Mexico, where is it noon 1 

10. When it is 11 p,m, at Jamaica, where is it noon ? 

11. When it is 3 a.m, at Paris, where is it noon ? 

12. My watch was well regulated at London, and when I arrived at 
Madras, which was after a five months' voyage, it was 4 hours 50 min. 
slower than the clocks there. Had it gained or lost during the voyage, 
and how much 1 

13. When it \b7 p.m. at Edinburgh, what is the hour at Washington] 

14. When it is 5 jp.m. at Philadelphia, where is it midnight 1 



\ 
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15. Are the clocks at Calcutta fiuter or Blower than the clocks at 
London^ and how much 1 



SECTION IV- 

DEFINITIONS. 

1. The ecliptic is the circle described by the earth in its 
annual motion round the sun ; or it is that circle in which 
the sun appears to move. 

The ecliptic u proper only to the celestial globe ; hut, on account of 
its great use in performing many geographical prohlems, it is always 
drawn on the terrestrial : it crosses the equator obliquely, and extends 
23° 28' to the north of it on one side, and 23° 28' to the south of it on 
the other side. The angle which it makes with the equator is called the 
obltq[uity of the tdipiic* 

It is called the ecliptic, because eclipses happen when the moon is in 
or near this circle : it is divided into 122equal parts, called signs, each 
containing 30 degrees ; they are thus marked and named : 

Northern, 

t^f Aries, or the Ram . . . <y> I g f Cancer or the Crab . . . SZo 
•C \ Taurus, or the Bull . . b | \ ^^» ©^ the Lion . . . ^ 
w/ Gemini, or the Twins . . H Lg (^ Virgo, or the Virgin . . tlj 

Southern. 

I Cldbra, or the Balance . - ^\ i CCapricomus, orthe Goat . V5 
1 < Scorpio, or the Scorpion . n^ .g < Aquarius, or the Watennan ;S: 
^ /Sagittarius, or ^e Archer f ^ /Pisces^ or the Fishes • . K 

The winter and spring signs are termed amending, and the summer 
and autumnal deteending. 

2. The tropica are parallel to the equator, and distant 

from it 23° 28' : that which lies on the north side is called 

the tropic of cancer; and that which lies on the south side 

is called the tropic ofcaprieom. 

The obliquity of the ecliptic determines the distance of the tropics 
rom the equator ; as they are drawn parallel to the equator, through 
those two points of the ecliptic which are at the greatest distance horn 
it The northern tropic is called the tropic of cancer, because it passes 
through the sign cancer ; the southern, the tropic of capricom^ bvaMUi^ 
it passes through the sign Capricorn* 
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3. Tbe polar eirdes are two circles which are pandfel 
to the equator, and as far distant from the poles as the 
tropics are from the equator ; that which lies towards the 
north pole is called the arctic cmrle, and that which is to- 
wards the south pole is called the antarctic circle. 

Tin distance of the pofinr circles from tlie poles depends npoir the 
oibKqnity of tbe octtptie; their distance from tiie pole* bdig 28^ 2^,. 

their distance from the equator is 66^ 82'. 

4. The equmeeHal points are those points in which tlie 
equator and ecliptic cross eaeh other ; they are the first 
points of aries and lihnu 

5. The doltiitial poinU are those two points of the edip^ 
tic that are at the greatest distance from the equator, and 
at which the ecliptic touches tlie tropics : thej are die first 
points of cancer and capricom. 

6. Declination of the sun is its distance north or south 
of the equator. 

7. Altitwde of the sun is its distance above the hors^iLi 

8. The anaiemma is a calendar of the months, placed oh 
sonie vacant part of the globe, extending from tropic to 
tropic : the months and days are so divided as to correspond 
to the son's decUnatba fov every day in the year. 

The days increase cenlinually to all places* m the north- 
em' hemi^here, whilst the son is moving through the 
ascending signs^ or from the first of capricom to the first of 
cancer ; i. e, from Dec. 21st to June 21st : hot the con<» 
trary happens to all places in the southem hemisphere ; the 
da3» there increasing whilst the smi moves from cancer to 
dJ^Gom, or from June 21st to Dec. 21st. 

As, at the equator, the days and nights are always equal, 
so, of all other places, those that are the nearer to the 
equator have the less inequality in their days and nights ; 
and the greater iike latitude of the place, the greater is the 
length of its longest day. The length of the Ibngest day at 
any place is equtu to the length of its longest night. 
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The sun's declination is north from March 21st to Sep- 
tember 2drd9 and iotUh the remainder of the year. Its 
greatest declination, either north or south, is 23° 28^. 

The sun's altitude, or height above the horizon, will be 
increasing to any place, whilst the days are increasing at 
that place ; and its altitude on the same day will be dif- 
ferent to places that have different latitudes : henee the 
sun's meridian altitude furnishes an easy method of deter- 
mining the latitude of a place. 

Of the ien^k of the Days and Nights, 

The sun shining upon the earth illuminates that half of 
it which is turned towards it ; the enlightened part intercepts 
the sun's rays from the other half. • 

Tbe borizon represent!, en the globe, the boimdaiy Une between light 
and daricness. 

In the problems respecting day and night, the sun is supposed to b0 
in tbe zenith ; his rays, therefore^ which extend' to the horizon, will 
spread' ezactiiy 90° in erery direction. 

As the earth turns round on its axis from W. to E.,. once 
in ^4 hrs., every meridian will, in that time, suocessiveiy 
enjoy the light of the sun, and be deprived of it. 

Siq)pose a patch to be put upon a globe to represent any place, and 
the globe to be turned round from west to east ; when the place comes 
to the western side of the horizon, the sun appears to the inhabitants of 
that place to be rising in the east ; but it is more properly the inhabit- 
ants of that place rising in the west. Continue to turn the globe rounds 
and the place will ascend higher towards the meridian, which causes the 
sun to appear to ascend in a contrary direction. 

When the place has arrived at the meridian, it will then be noon 
there, and the sun will be at its greatest altitude for that day. 

As you continue to turn the globe, the place will gradually recede 
from the meridian, and descend towards the eastern horizon, — ^which 
will cause the appearance of the sun descending towards the west. 
When the place has arrired at the eastern horizon, as it is tiitn going 
Mow the tenninator, or boundary of light and darkness, the son wiQ 
appear to be setting in the west 

The place having gone bslow the horiaum, «&du ^was^Tkivn ^ ^^O^kIob. 
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diftance than 90° from that point where the inn is yertical, is deprived 
of his light, and continues in darkness till, bj the revolution of the 
earth, it arrive again at the western horizon, — when the Bun will 
appear to rise as before. 

It is evident that the sun will be rising at the same instant of time to 
all places that are on the western side of the horizon, and that it will be 
letting at the some time to all places that are on the eastern side. 

Twice a year the days and nights are of the same length 
to all places upon the earth : these two days are when the 
sun is in the first of aries and libra, or March 21st, and 
September 23rd. These are called the equinoxes, — March 
2l8t the vernal^ and September 23rd the autumnal equinox. 

On these days the sun's place is on the equator. Let the equator be 
placed in the zenith, and the poles be made to coincide with the horizon. 
Fix upon any number of places situated upon the same meridian of 
longitude, say the first, distinguish them by patches, bring them to the 
brass meridian, and set the index to 12 o'clock. Turn the globe till they 
come to the western horizon, and the index will then be six o'clock a.m., 
which will be the hour of the sun's rising ; continue to turn the globe 
from west to east, till the places have arrived at the eastern horizon, and 
the index will now point to six o'clock p.m., the time of the sun's setting. 
Hence, the length of the day to all these places is twelve hours. Now if 
the same thing happens with any other places on any other meridian^ 
say the opposite, it is evident that the days and the nights must be twelve 
hours to every place, or that they are equal all over the globe. 

At all places under the equator the days and nights are 

always equal. 

In proof of this it may be observed, that in whatever situation the 
equator may be placed, provided it be not parallel with the horizon, it is 
always cut by the horizon into two equal parts. The equator dips 
beneath the horizon on the one side exactly where it is marked east, and 
on the other where it is marked west; which two points are half a circle 
from each other. 

In all places between the equator and the north pole the 
day is longest when the sun is in the first degree of cancer, 
June 21st, — and shortest when in the first of Capricorn, 
Dec. 21st; but in those places between the equator and 
the south pole the contrary happens, — the day is shortest 
when the sun is in the first of cancer, and longest when in 
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the first of Capricorn. June 21st is called the summer sol- 
stice^ it heing then summer to all places in the northern 
hemisphere ; and Dec. 21st, the winter solstice^ it being then 
winter to the same places. 

On the 2l8t of June, the sun is 23° 28^ to the north of the equator; 
his rays, which still extend 90° on all sides of him, will penetrate 23° 28' 
further north than they did when he was on the equator, and be with- 
drawn to the same extent from the south. To put the globe in the 
position which the earth will occupy with respect to the sun on the 
21st June, raise the north pole 23° 28' above the horizon. Then fix 
upon some places haying the same longitude, taking care that one shall 
be in the south and another in the north frigid zone. On turning the 
globe from west to east it will be seen that the place in the north frigid 
zone never goes below the horizon, and that the one in the south frigid 
never rises above it, while of the other places, that will appear first upon 
the horizon whose latitude north is greatest If the elevation of the 
north pole be diminished, it will be found that the length of the days to 
the places north of the equator lessens; and if the south pole be elevated, 
those parts possessing a southern latitude will have the same length of 
day which those of a northern latitude formerly enjoyed. 

PROBLEM XIV. 

To find the Sun's pUbce in the Ecliptic. 

1. Seek the given day in the calendar on the horizon, 
and against it, in the adjoining circle, will he found the 
sign and degree in which the sun is for that day. 

2. Find the same sign and degree in the ecliptic, and 
this is the sun's place for that day at noon. 

EXAMPLES. 

What is the sun's place on the following days ? 

1. March 10th Answ. h 20*' T. 

2. June 4th Answ, ii. 13° 57^ 

3. January 1st 7. May 5 th 

4. February 2nd 8. June 6th 

5. March 3rd 9, July 7th 

6. April 4th 10. Kxx\5(V&\. %»^ 
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11. SeptemW Ml 15. March 22nd 

12. October lOdi 16. Jime 22xid 

13. Novemlier lltk 17. September 23rd 

14. December 12th 18. December 22iid. 

PROBLEM XV. 
To find Ike Suns Declination. 

Bring the sun's place for the ^veu day to the brass, 
meridian, and the degree ovef it will be the decUnatioa 
sought; or brii^ the- day of the montdi marked oa the 
analemma to the braes meridian, and the degree orref it 
will be the declination, as before. 

The sun*8 declination is given in several of the almanacksi and. also in 
Table I. at the end of this work. 

1. The declination of the sun being its distance IS, or S. from the 
equator, this problem is the same as that for finding the latitude of a 
place. 

2. The greatest north declination, 23° SS', is when the sun enters 
cancer, June 21st, that being the greatest distance of the ecliptic north 
of the equator. The greatest south declination, 23° 28', is when it 
enters capricom, December 2l8t, that being the greatest distance of the 
ecliptic south of the equator. 

EXAMPLES. 

What is the sun's declination for tbe following days ? 

1. March 10th Anm. 3° 54' S. 

2. January 31st Anaw. 17° 14' S. 

3. April 23rd 6. March 5th 

4. August 12th 7. July 23rd 

5. August 1st 8. October 19th 
9. On what days has the sun no declination? 

10. Whea has the sun the greatest declination north ? 

11. When has the sun its greatest declination south? 

12. What is the sun's declination for to*day ? 

PROBLEM XVI. 
To rectify the Gkbefor the Sun 8 place on any datf,. 
1. Find the aa&'a declination for the given day. 
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2. Elevate t&e pole, wbieh is of the same n&me as iskct 

declination, as many degrees as are equal to it.. 

When the globe is rectified for the sim*8 place, and the sun brought to 
the zenith, the horizon will be tiie tsmUmxlor, or boundary circle of light 
and darkness ; it will therefore be day with those places that are aboye 
the horizon, and idg^t with all* that are below il 

BXAMPLES. 

1. Rectify tBe globe for the sub's pliace oa June 4tih. 
Answ, Ott Jane 4th the son's deel. is 22^° N. ; the north 

pole mast therefore be raised 22^° aboye the horizoii. 

2. Elevate the globe for the sun's plaee on October 6tk. 
Answ, The sun's decl. on October f th is 5° S. ; heace 

the south pole must be eleviated 5° above the homcn^ 

PROBLEM XVU. 

To find the Bistng and SIstting of tke Sun^ and the Lencfth 

of the Da^ and Night, 

1 . Elevate the globe for the sun's declination, bring the 
given place to the meridian, and set the index to 12. 

2. Turn the globe till the given place come to the eastern 
edge of the horizon, and the index will show the tune of 
the sun's rising. 

3. Bring the place to the western edge of the horizon, 
and the index will show the time of its setting*. 

4. Double the time of the sun's setting for the length of 
the day, and of the sun's rising for the night. 

If the hoQc cibW have a double row of figare%,make nee of that which 
iDcreases towards the eaM; the sun's rising and setting may then, be 
found at once, by bringing the place only to the eastern edge of the 
horizon, ibr the index will point in one row to the hoar of riinngy and in 
the other (that which fnawaMiB tewords the west) ta the hour of setdag. 

This problem may ako he performed thus. 

1 . Elevate the gk»W Ibr the latitude of the j^iEUse, bring 
the sun's place to the neri&n, and set the index ta 12. 

2. Bring the sun^s place to the eQflUTii\«srnnnu| vcA^^ 
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index will show the time of the sun's rising, and to the 
western edge for the time of setting. 

BXAMPLBS. 

1. Required the time of sun-rise and sun-set at Edin* 
hurgh on June 1. 

Answf, Rises 3 h. 27 m.; sets 8 h. 33 m. 

2. At what time does the sun rise and set at London on 
July 17tb, and what is the length of the day and night? 

Answ. The sun rises at 4, and sets at 8 ; the length of 
the day is 16 hours, and the night 8 hours. 
Required the rising and setting of the sun at 

3. Pekin, April 10. 7. Hamburg, Dec. 21. 

4. Newcastle, Oct. 13. 8. North Cape, Dec. 21. 

5. Gibraltar, Jan. 22. 9. Botany Bay, May 25. 

6. Petersburg, June 21. 10. London, Aug. 29. 
At Cape Horn, on the following days : 

11. Jan. 20. 15. June 21. 

12. March 2. 16, July 21. 

13. March 22. 17. August 29. 

14. April 6. 18. October 14. 
At Edinburgh, on the following days : 

19. January 29. 23. June 21. 

20. March 2. 24. July 12. 

21. March 22. 25. August 29. 

22. April 6. 26. October 14. 

27. At Archangel, London, Vienna, Jerusalem, Quito, 
and Cape of Good Hope, on March 21st and Sept. 23rd. 

What is the length of the longest and shortest day, and 
the difference between them, at the following places ? 

28. Archangel. 34. Vienna. 

29. London. 35. Lima. 

30. Owhyhee. 36. Alexandria. 

31. Quito. 37. St. Helena. 

32. Quebec. 38. Washington* 

33. Cape of Good Hope. 39. Pekin. 
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40. Madras. 4.2. Calcults. 

41. Borneo. 43. Okhotsk. 

What is the iength of the day, and of the night, on 
December 26th, at the following places ? 

44. Dresden. 46. Adiianople. 48. Medina in 

45. Turin. 47- Shiiaz. Arabia. 

49. What is the hour of the snn'a rising at Pekin, 
Naples, and Philadelphia, on August 29th! 

50. How much loDger is the son above tho horizon, on 
June 2lEt, to Edinburgh than to London? 

51. How much longer is June 2l8t at Petersburg, than 
at Jerusalem ? 

52. At what time does the sun rise and set at Spitz- 
bergen, ou April 5lh ? 

PROBLEM XVIII. 
To find the Sun's Meridian Altitude f<rr any Day. 
Br THE Globe.— 1. Elevate the globe for the latitude of 
the given place ; find the sun's place for the given day, and 
bring it to the brass meridian. 

2. Fix the quadi'ant of altitude on the zenith, and bring 
it over the sun's place ; then the degree upon the quadrant 
cut by the eun's place will be its meridian altitude. 

Noll. — Tbe Biin'a meridian oltitudo mn; bo found wiihoaC the qoa- 
diant, by coonting npon tic meridian tie number of degrees intercepted 
belveea tho horizon and the aun's place. 

By TBB Akalemma. — Elevate the globe for the latitude, 
and bring the analemma to the brass meridian. The number 
of degrees intercepted betweeu tbe day of tbe montlt 
marked on [he analemma, and the nearest point of the 
horizon, either north or south, will be the meridiau altitude 
required. 

Bi CiumuTioii. — 1. Find, from the Table, the lun'i deeUoatiatt for 
the given daj. 

2. If the declinntion be of tbe nme name M tbe ktlude, theic iifftr- 
cntt will be the i:enith diitonce. 

B. If the declination and Utitnde be of different name), their turn 
^^^Iw tlie iMnilh diitance. 
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4. The zenith distanoe, taken from 90% will give the 
To know whether th4 Sun,*s Meridian Altitude be Norths or SoutL 

Buxti. — 1. When the declinatioa and latiftadB are of difSferent names, 
L e. the one north and the othtf 1011111, ihaaUilade ia alwayaoCthaamBe 
name aa the declination. 

2. When the latitude and declination are of the same name, if the 
declination be the greater, the altitude is also of the aame name, othe^ 
wise it is of a name contrary to that of the declination. 

BXAMPLSS. 

Required the SBua meridiaix altitude^ June 2l8t. 

(1.) At Ardumffel. (2.) AA Bambmy, 

Lat. 64*' 34' N. Dec. 23° 28' N. 

Dec 23 28 N. subtract. Lat. 18 57 N. subtracL 



41 6 zenith dist. 4 81 zenitb diaft. 



90 90 

41 6 subtract. 4 31 suhtcaBt. 



Afu^ 48 54 m. alt south, the Atu. 85 29 altitode N., the 
latitude being greater than dec.. declination being gteatec. 

3. What is the sun's meridiaa altkude at the Cape of 
Good Hope oa May 15 ? 

The lat 34** 29' S. added to ^e dec. 18° 4(F N. gives 53*^ IS' zemdk 
dist, and this taken from 90 » 36^ 45' altitude N., being of the same 
name with the declination. 

4f. What is the son's meridian altitude at Corinth, on 

March 2l8t? 

On March 21st the sun has no declination ; hence the zenith distance 
is equal to the latitude, 37^ 30'; which taken £rom 90*' gives 52'' 30' 
south altitude. 

5. Required the sun's meridian altitude at Newcastle : 
Dec. 2 1 . March 2 1 . June 21 . 

6. What is the sun's meridian altitude at Cairo, on 
Dec. 21 ? March 21, or Sept 23 ? June 21 ? 

7. What is the sun s meridian altitude at Port Royal ? 
Dec. 21 ? March 21, or Sept 23 ? June 21 ? 

8. Required the sun's meridian altitude for the followiiig 
places on Decemher 21st and June 2l8t ? 
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Bergen. Mocba (Axabia)^ Botaay Baj. 

Quebec. Batavia. Gape Horn, in 

Athens. St. Helena Isle. S. America. 

9. What is tbc sun^s meridian akttada at t&» fi>llawing 
places, on the foUowiag' dajs ? 

Gottingen, April 17th, and Aiigast lal? . 

Canary Isles, May 15th, and December 25tk? 
Port Maboii, Febmarj 28th, and July 7th? 
Sm3aiia, May Ist, and November 11th? 

To all places situated north of the tropic of cancer the sun's meridian 
altitude is always south ,*- to all pkoes situated south of the tropic of 
capiicom it» meridian altitude is always north; and to those places 
situated between the tropics its meri(fian altitude is sometimes north 
and sometimes south. 

From the aiwiw eoB^lei it will Ve seen, thai the dUfeeeoce between 
fluB sun's greatest and least neridian altitndeA, at any placet situated 
without the tropics, is equal to 46° 56^, or twice 2a'* 28'^ the distance of 
each tropic from the equator. 

PROBLEM XIX. 

To find the Sun's AUitudefor any HouVy having the latitude 

and the day of the month given. 

1. Elevate ti^e globe for the latitude, bring the smi's 
place to the meridian, and set the index to 1 2 at noon. 

2. Turn the globe till the index point to the given houx; 
and having screwed the quadrant of altitude on the zenith, 
bring it over the sun's place. 

3. Then the degree om the quadrant cut by the sun's 
place will be the altitude required. 



1. Required the altitude of tie son at Jerusalem, on 
October 21st, at ten o'clock, a.m. Ans. 38°. 

2. At Petersburg^ June 2 Ist, at 6 p,m. Ans, 20°. 
Required the sun's altkade at f^e following places : 

3. Jamaica, Dec. f st^ at 3 p.m. 

4. LoadoA,, May Ist^ at 10 a.m. 

5. Sfwtabetgetty June 2l8t, midnight. 
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6. New Orleans, Dec. 2l8t, 4 p,tn. 

7. Cape of Good Hope, May 15th, 10 a.m, 

8. Washington, Sept 25th, 3 p.m, 

9. Louishurg, March 27th, 11 a.m. 

10. Edinhurgh, Nov. 30th, 10 a.m. 

11. Malta, June 9th, 8 a.m. 

12. Glasgow, April 4th, 3 p.m. 

For more examples, see Problem XYIL, on the celestial globe. 

PROBLEM XX. 

Having the Sun's Meridian Altitude, to find the Latittide of 

the place. 

Bring the sun's place to the meridian, and move the globe 
np or down, till the distance between the sun's place and 
the north or south point of the horizon (as the case requires) 
be equal to the given altitude ; then will the elevation of 
the pole be the latitude required. 

By Calculation. — 1. Subtract the altitude from 90° for the aenitl^ 
distance, wbicb is N. if the zenith be north of the sun ; or S., if it be the 
contrary. 

2. If the zenith distance and declination be both north or both south, 
add them together ; but if one be north and the other south, subtract 
the less from the greater, and the sum or difference will be the latitude 
of the same name with the greater. 

EXAMPLES. 

1. The sun's meridian altitude on the 18th of May, was 

42° 13' S. ; required the latitude. 

In this case, the sun's altitude being S., the zenith will be N. of the 
sun, — ^being always of the contrary name to the altitude. 

90° 0' 
42 13 S. 



47 47 zenith distance N. 
Add 19 24 sun's declination N« 



Ans. 67 11 N. lat, the zenith distance and declina- 
tion being of the same name. 
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2. What is the latitude of the place at which the san's 
m. alt, August 5th, is 74° 24' N. ? Answ. V 36' N. 

Hequired the latitudes coinciding with the annexed 
meridian altitude of the sun, on the days given. 

3. Sun's meridian altitude 38° S. January 13th. 

4. 

5. 

6. 



7. - 

8. - 

9. - 

10. - 

11. - 



48 S. 


February 17 th. 


18 S. 


March 11th. 


30 S. 


April 24th. 


64 S. 


May 17th. 


35 S. 


June 4th. 


25 N. 


July 29th. 


48 N. 


August 6th. 


50 N. 


November 19th. 



12. Observing the sun's meridian altitude, on June 5th, 
to be 70^° S. ; and at the same instant observing a time- 
piece regulated for Greenwich, found it to be 10 min. past 
1 1 a,m. ; required the place of observation. 

13. On March 21st the sun's meridian altitude was found 
by observation to be 52° 30' S., and the difference of time 
between the place of observation and London was 1 hr. 32 
min. sooner, — required the place. 

14. The sun's meridian altitude. May l5th, was observed 
to be 36° 45' N., and it was 13 min. past 1 p.m. when it 
was noon at London, — required the place. 

15. Required the latitude and longitude of that place 
where the sun's meridian altitude, on May 21st, was 78° S., 
and where it was 3 p.m, when it was noon at London. 

1 6. A ship, sailing from Jamaica, took the sun's meridian 
altitude on January 21st, and found it to be 50° S. ; and at 
the same instant observed a time-keeper, regulated for 
London, to point to 42 min. past 2 p.m, ; how far was the 
ship distant from Jamaica ? 

17. At a certain place, where the clocks are 2 hrs. faster 
than at London, the sun's meridian altitude was observed to 
be 30° to the south of the observer, on the 21st of March; 
required the place. 
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18. At a place wbere the clocks me 3 hn. B2 niiii. fiuter 
&BXi at London, the sun 6 meri^am aHafcade was observed te 
be 80-^*' S. on June 9th,— 4«quired the place. 

19. Where tSie clocks -are 5 hrs. slower iflian at handen^ 
the sun's mer. alt. was ohserved to be ^(f to the south of 
the observer, on April 16th, — required the place. 

20. In ^hat latitude is the sun's g r eat es t meridtan alti- 
tude 79** 6. ? 

21. Where has the sun no zenith distance on Sept. 28rd ? 

PROBLEM XXL 

To find when ike Sun is due East or West^ the Latitude of 
Replace and the day of the month heing given, 

1. Elevate the globe for the latitude of the.jdace, bnng 
the sun's place to the meridian, and set the index to 12. 

2. Fix the quadrant of altitude in the zenith, and bring 
it, if the sun's declination be of ^he same name with the 
latitude, to the eastern point of the horizon; then turn the 
globe till the sun's place come to the edge of the quadrant, 
and the index will show the time when the sun is due east. 

3. If the declination and latitude are of different names, 
bring the quadrant to the western point of the horizon, and 
turn the glohe till the point in the ecliptic, opposite to the 
sun's place, come to the edge of t^e quadrant, and the index 
will show the time when the sun is due east. 

4. Subtract the hour when the sun is due east, from 12, 
for the time when it is due west. 

When the declination and latitude are of the same name, the sun is 
due east after rising, but when of different names, the sun is due east 
before rising. 

As it is not so convenient to obserre when the sun is due east below 
the horizon, the opposite point of the ecliptic is brought due west, and 
the index then shows the time of the sun's being due east. 

EXAMPLES. 
1. When is the sun due east and west at Newcastle, 
Nov. 3d ? Am. E. \ past 5, and W. \ before 7 
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2. At Leghorn, June 21st f An8, £. 7f, and W. 4^. 
S. At London, on tke summer and -winter solstices? 

4. Liverpool, Apiil 23rd and Dec. 15t'h? 

5. At the following places, on March 21st, and Sept. 2drd? 
Tiz. Panama, on the Isthmns of Darien ; Troxillo, in Peru ; 
and Paramariho, in Sorlnam? 

6. At Buenos Ayres, Feh. 2ad ? 

7. At Qu^Sfigona, April 4di.? 

8. At Brasa, en l^eeen^er 2nd ? 

9. At Demerara,t>n November 27th? 

QumsoifB voa ezaxhtation ts SBcmoHTV. 

What is fte ecUpticI Why is it so called? Wliat angle does it 
make with the equator 1 What is this angle called t Into how many 
parts or signs is it divided, and how many degrees does each contain? 
What are the names of the six northern signs? Write their characters. 
What are the names of the six sonthem signsi Write their characters. 
Name the spring, summer, automnal, and winter signs. Which are the 
ascending, and which are the descending signs ? What are the tropics, 
and at what distance are they from the equator ? What are their names, 
and why are they so called ? What is it that determines the distance at 
which they are dsawn from the equater ? What are the polar circles ? 
At what distance are they from the poles, and at what distance from the 
equator? What are the equinoctial points? What nre the solstitial 
points? What is meant hy the sun's altitude? How often in the year 
are the days and nights equal to all places r^pon the earth? What are 
these days oilled ? In what places of the earth sae the days and nights 
always equal ? Which is the longest day to all places in the northern 
hemisphere? I^hat is this day called? Which is the shortest day to 
all places in the northern hemisphere? What is this day called ? Which 
is the longest and which is the shortest day to all places in the southern 
hemisphere ? During what time are the days constantly increasing to 
all places in the northern hemisphere ? During what time are the days 
continually increasing in the sonthem hemisphere ? What time of the year 
is the sun s declination north ? How is the sun's place in the ecliptic 
found ? How is the sun's declination found ? On what two days of the 
year is the sun's declination greatest, north or south ? On what days has 
the sun no declination ? How is the globe rectified for the sim's place 
and day of the month ? How are tiie rising and setting of the sun found 
by the globe ? How is the length of the day and night found ? How is 
the sun's meridian altitude found for any given day at any (^en. \^^<:ft\ 
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How IB the sun's altitude for any hour of the day found t Having the 
sun's meridian altitude, how is the latitude found? How is it found 
when the sun is due east or west at any given place 1 

QUESTIONS FOB JEXEBOISE IN SECTION IT. 

1. At what hour does the sun rise at N. Cape, Dec. 21st 1 

2. Is June 2l8t longer at Jerusalem or Newcastle, and how muchi 
8. At which of these places is Dec 21st the longest ? 

4. Which is the longest day to Quito ? 

5. The difference between the longest and shortest day at Paris ? 

6. What is the sun's m. altitude at Petersburg, June 21st ? 

7. How high will the sun ascend on Christmas day at Bastia ? 

8. How high will the sun ascend at Samarcand on Sept. 29th ? 

9. The sun's altitude June 2l8t at North Cape at midnight ? 

10. What is the sun's altitude at Moscow, at 8 a.m. May Ist? 

11. When does the sun rise due east at Carlisle ? 

12. What time does the sun rise and set at Petersburg, Naples, and 
Canton, on January 24th ? 

13. At what hour does the sun rise and set at Dublin, Gibraltar, Te- 
neriffe, and Vienna, April 15th, July 4th, and Nov. 20th 1 

14. What is the length of the day and night on April 22nd, at Lon- 
don, Madrid, and Batavia ? " 

15. What is the length of the day and night on June 10th, at St. 
Helena, Mexico, New York, and Canton ? 

16. What is the sun's declination, June 14th, and August 31st? 

17. What is the sun's m. altitude at London on October 26th? 

18. Give the sun's alt. at London, May 21st, at 9 a.m. ? 

19. What 18 the sun's alt. at Newcastle, May 21st, at 9 a.m, ? 

20. The sun's altitude at Constantinople, June 4th, at 8 jo.m. ? 

21. How much longer is June 5th at Archangel than at Madras 1 

22. What is the sun's greatest altitude in Magellan's Strait ? 

23. What is the sun's least meridian altitude at Stockholm — at Malta 
^-at Warsaw] 



SECTION V. 

DEFINITIONS. 

1 . The surface of the earth is divided into five zones. 

2. The torrid zone is that space of the earth included 
between the tropics. 

It is bounded by the tropic of cancer on the north, and the tropic of Capri- 
corn on the south : its breadth is 46° bQ', that being the distance of the 
tropics from each other. 
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3. The two temperate zones are those parts lying between 

the tropics and polar circles. 

The north temperate zone is bounded on tlie south by the tropic of 
cancer, and on the north by the arctic circle; its breadth is 43° 4', that 
being the distance between the tropic of cancer and the arctic circle. The 
south temperate zone is bounded on the north by the tropic of capricom, 
and on the south by the antarctic circle : its breadth is the same as that of 
the north temperate zone. 

4. The two frigid zones are those spaces included within 
the polar circles. 

These circles are at the same distance from the poles as the tropics from 
the equator, viz., 23° 28'. 

5. If the latitude of any place be less than 23g°, it lies 
in the torrid zone ; if it be more than 23^° and less than 
66^°, it is in one of the temperate zones ; and if it be more 
than 66|°, it is in the frigid zone. 

6. The inhabitants of these zones are distinguished by 
the different direction of their shadows. 

Those who live in the torrid zone are called amphiscii ; that is, hav- 
ing both kinds of meridian shadows : twice in the year they have no 
shadow at noon, and are then called ascii. 

Those who live in the temperate zones are called hetoroscii ; that is, 
having only one kind of meridian shadow. Those who live in the south 
temperate zone have their shadows at noon always towards the south ; 
and those in the north temperate zone always towards the north. 

Those who live in the frigid zones have, when their days are more than 
24 hours long, the sun, and therefore their shadows, moving all around 
them ; hence they are called periscti. 

7. The sun is said to be vertical when it is in the zenith, 
or directly over head. 

OF THE APPEARANCES OF THE SUN IN THE SEVERAL ZONES. 

To all places in the torrid and temperate zones, the sun 
rises and sets daily. 

To all places in the frigid zones the sun, in summer, does 
not set for a certain number of days, nor rise in winter for 
the same number of days : at other times of the year it 
rises and sets daily. 

To all places in the torrid zone the sun is vertical at noon. 
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twice in the year : thus an inhabitant of the eqaator has the 

sun vertical when it is in the equinoctial. And at any other 

period the places to which the sun is vertical, are those 

whose latitude is equal to the declination of the sun, and of 

the same name with it ; thus, at 10° N. latitude the sun is 

vertical when its declination is 10® N. 

This may be further illustrated by observing, that the eqaator andeqoi- 
noctial coinciding (i.e., the equinoctial being nothing more than the 
equator supposed to be continued to the heavens), when the sun is in the 
equinoctial, a perpendicular ray, coming from it to the earth, will &11 upon 
the equator : and, during a diurnal revolution of the earth, the eqaator 
will be formed or passed over by this ray. When the sun is not in the 
equinoctial, the perpendicular ray will &11 as &r to the north or south of the 
equator as the sun is distant north or south of the equinoctial ; and during 
a diurnal revolution of the earth, that parallel of latitude will be described 
by this ray, whose distance from the equator is equal to the son's declina- 
tion, and of the same name with it. 

Whilst the earth, in its annual motion round the sun, is 
moving from cancer to capricom, the sun appears to move 
from capricom to cancer ; hence its declination varies from 
231 S. to 2d| N. : and during that time, or in half a year, 
its rays will have been successively perpendicular to all places 
in the tornd zone. 

Whilst the earth is moving through the other half of its 
orbit from capricom to cancer, the sun appears to move 
from cancer to capricom, and varies in declination from 23^ 
N. to 23| S. ; it will be vertical to the same places, but in 
a retrograde order. 

The tropic of cancer is the most northem circle described 
by the vertical rays of the sun ; that of Capricorn the most 
southem. 

The sun is vertical only once a year at the tropics ; at 
the tropic of cancer on June 21st, and at the tropic of 
capricom on December 21st. 

All places out of the torrid zone, being at a greater dis- 
tance from the equator than the sun s greatest declination, 
can never have the sun vertical. 

From the ecliptic being drawn upon the terrestrial globe, and the pupil 
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knowing that it is the line in which the sun appears to moye, he may be 
inclined to suppose that the sun moyes daily round the earth in the ob. 
lique manner in which the ecliptic is drawn. 

To correct this Mae notion, it may be observed, that the ecliptic is a 
circle peculiar to the celestial globe, where it really marks out the 8un*s 
apparent path among the stars ; but on the terrestrial globe it is of no 
other use than to find the sun's declination on any day. 

The sun's vertical rays form a sort of spiral line from tropic to tropic. 
This may be ezphiined by supposing a quantity of silk string to be 
wrapped round the globe, firom one tropic to the other. If the silk string 
be so contrived as to be thicker towards the equator, where the daily 
difference of declination is greatest ; and if the number of times it re- 
quires to be wrapped round, before it covers the space between the tropics, 
be equal to half the number of days in one year, it will exactly represent 
the spiral line formed by the rays of the sun in six months. In the other 
six months the same sort of spiral line will be formed in a contrary direc- 
tion. 

PROBLEM XXII. 

A place being given in the Torrid Zone^ to find those two dags 
of the gear in which the Sun is vertical to tha^t place. 

By THB Globb. — 1. Bring the given place to the meri- 
dian, and mark its latitude. 

2. Turn the glohe round, and observe the two points of 
the ecliptic that pass under this mark ; the calendar will 
show the days corresponding to these points, which will be 
the answer required. 

Or, having founds the latitude of the place, bring the 
analemma to the meridian, then directly below the latitude 
will be found the days required. 

- Without thb Globb. — 1. Find the latitude, either from 
a table of latitudes and longitudes, or from maps. 

2. Observe in White's Ephemeris, or in Table I. at the 
end of this work, on what two days of the year the sun's 
declination is equal to the latitude, and of the same name 
with it : these are the days required. 

The examples to this problem may be proved by the following method. 
Find how many days there are from the time when the sun is vertical, to 



^ 'I 



52 TSRRS8TBIAL GLOBE — PROB. XXIII. 

the nearest solstice, and also how many there are from that solstice to the 
time when it is yertical again : if the number of days be equals the solu- 
tion is right 

EXAMPLES. 

On what days is the sun vertical to the following places ? 

1. Otaheite. Ans, Jan. 30 and Nov. 11. 

2. Rio Janeiro. Jan. 2 Dec. 9. 

3. St. Helena. 13. Canton. 

4. Batavia. 14. Friendly Isles. 

5. Bencoolen, 15. Trincomalee. 

6. Quito. 16. Ouadaloupe. 

7. Borneo. 17. Porto Bello. 

8. Pelew Islands. 18. Vera Cruz. 

9. Sierra Leone. 19. Tinian Isle. 

10. Tobago. 20. Manilla. 

11. Port Royal. 21. Columbo. 

12. Bombay. 22. Santa Fe de Bogota. 

PROBLEM XXIIL 

To find aU those places in the Torrid Zone to which the Sun 

is vertical on a given day. 

Find the sun's declination for the given day, and mark 
the declination, then turn the globe round, and all those 
places which pass under that mark of the meridian will have 
the sun vertical on the given day. 

EXAMPLES. 

1. To what places is the sun vertical Nov. 10th ? 

Ans. To Otaheite, the Great Cyclades, and New Hebrides, 
in the South Sea ; Cape Grafton, in New South Wales ; 
the Island of Madagascar ; Monomotapa and Mataman, in 
Africa ; Punta Gorda, in Brazil ; and the southern parts of 
Amazonia and Peru, in South America. 

2. To what places is the sun vertical on Feb. 2nd ? 
Ans. To the same as in the last example. 

To what places is the sun vertical — 
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3. On April 16 and Aug. 28 ? 

4. At the summer solstice ? 

5. March 21 and Sept. 23 ? 



6. May 16 and July 29? 

7. Winter solstice ? 

8. Mav 1 ? 



PROBLEM XXIV. 

The day and hour at any place being given^ to find where the 

Sun is then vertical. 

Find the sun's declination, and by Prob. XIII. the places 
where it is noon at the time ; then of those places where it 
is noon, that will lyve the sun vertical whose latitude is the 
same as the declination. 

EXAMPLES. 

1. To what place is the sun vertical, when it is 39 min. 
past 6 a,m, at London, August 18th ? jins, Madras. 

2. Where is the sun vertical on the 24th of October, 
when it is 29 min. past 7 p.m. at Jerusalem ? Ans. Lima. 

Having the times given at the following places, where is 
the sun then vertical ? 



3. September 23. 

4. August 1, 

5. April 30, 

6. June 21, 

7. September 9, 

8. March — 

9. May 4, 

10. May 20, 

11. January 1, 

12. February 12, 

13. July 28, 

14. March 11, 

15. December 9, 

16. September 2, 

17. November 6, 

18. July 28, 

19. December 21, 



6 50 a.m. 

5 Op.m, 
1 6Sp.m. 
Noon 

6 30 a.m. 
30 p.m. 

8 10 a.m. 
11 ifSp.m, 

6 Op.m. 

9 a.m. 

5 16 p.m. 

6 10 a.m. 
3 Op.m, 
3 a.m. 
1 37 p.m. 
8 15 a.m. 
1 56 a.m. 



Bagdad. 
Bristol. 
Amsterdam. 
Canton. 
Jerusalem. 
Canton. 
Vienna. 
Calicut. 
. Mexico. 
Dublin. 
Port Royal. 
Malta. 
London. 
London. 

C. of Good Hope. 
Vienna. 
London. 
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PROBLEM XXV. 

Having the hour given at any place^ on any given day^ to 
find where the Sun is rising^ where it is setting^ where it 
is noony and where it is midnight. 

Find, by Problem XXIV., tbe place to which tlie sun is 
then vertical ; elevate the globe for that place, and bring it 
to the meridian. 

Then, to all those places in the western semicircle of the 
horizon, the sun is rising; to those un^r the npper semi- 
circle of the meridian it is noon ; to all places in the eastern 
semicircle of the horizon the sun is setting; and to those 
under the lower semicircle of the meridian it is midnight. 

EXAMPLES. 

1. At what places is the sun rising on June 4, when it 
is 4 p.m, at London ? 

Ans. At the north-east part of Siberia ; at Kamtchatka; 
at the most westerly of the Sandwich Isles ; and the most 
easterly of the Society Isles. 

Where is it noon at the same time ? 

Ans. At Baffin's Bay, New Britain, Martinique, Tri- 
nidad, and the middle part of South America. 

At what places is the sun then setting ? 

jins. At Tobolsk, the Caspian Sea, Desert of Arabia, 
the middle of the Red Sea, Abyssinia, the unknown parts 
of Africa, and the country of the Hottentots. 

At what places is it midnight at that time ? 

Ans. At Chinese Tartary, the eastern part of China, the 
Philippine Isles, and the western part of New Holland. 

2. On April 27th, 6 hrs. 45 min. a.m. at Newcastle, 
required the places to which the sun is rising and setting ; 
also where it is noon and midnight. 

Ans. Rising — Greenland, the Azores, Cape Verd Isles, 
Ascension Isle. Setting — Aleutian Islands, Queen Char- 
lotte's Islands, eastern coast of New Holland. Noon — 
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Middle of Siberia, middle of the western peninsula of India. 
Midnight — Middle of North America, Mexico. 

3. To what places is the sun rising and setting July 27, 
when it is 2 hrs. a,m. at Pico (Azores); and where is it 
noon and midnight at the same time ? 

4. May 24, 8 p, m, at Newcastle, where is the sun rising 
and setting, and where is it noon and midnight ? 

5. At what places is the sun rising and setting, and 
where is it noon and midnight, when it is 10 p»m, at 
Botany Bay on August 15th ? 

6. April 4th, 6 u,m, at Edinburgh, where is it noon, 
midnight, sun-rise, and sun-set ? 

7. June 9th, 3 a.m. at Glasgow, where is it noon and 
midnight, and where is the sun rising aAd setting ? 

8. Midnight at Singapore Sept.. 15, where is the sun 
vertical, and where is it rising and setting ? 

PROBLEM XXVI. 

A place being given in the North Frigid Zone^ to find when 

ike Sun begins to appear^ and when to disappear; also 

the Length of the longest Dag and Night. 

By the Globe. — 1. Elevate the globe for the latitude, 

and bring the ascending signs to the south point of the 

horizon : observe what degree of the ecliptic is cut by that 

point, and find, on the calendar, the day of the month 

answering to that degree ; this will be the time of the sun's 

beginning to appear above the horizon at the given place, 

which is the end of the longest night. 

2. Bring the descending signs to the south point of the 
horizon, and the day answering to the degree of the 
ecliptic cut by it, will be that on which the sun disappears, 
which is the beginning of the longest night. 

3. Bring the ascending signs to the north point of the 
horizon; and the degree of the ecliptic, noted as above, 
will show when the sun begins to shine continually ; which 
is the beginning of the longest day. 



56 TEBRSSTBIAL GLOBE — PBOB. XXVI. 

4. Bring the descending signs to the same point, and in 
the same manner it will be found when the sun ceases to 
shine continually, or the end of the longest day. 

5. From the end of the longest night to the beginning of 
the longest day, and conversely, the sun rises and sets 
daily. 

By the Analemma. — 1. Elevate the globe for the lati- 
tude, and bring the analemma to the south point of the 
horizon, then the two days of the month on the analemma 
cut by the horizon, will be the beginning and end of the 
longest night. 

2. Bring the analemma to the north point of the horizon, 
and you will find in the same manner the beginning and 
end of the longest day. 

Without the Globe. — 1. Subtract the latitude from 
9(f; the remainder is called the co-latitude, 

2. The sun being in the ascending signs, find, by the 
table, on what day its declination is equal to the co-latitude, 
but of a contrary name ; this will be the day on which the 
sun first appears above the horizon : find the same when 
the sun is in one of the descending signs ; this will be the 
day on which it entirely disappears. 

3. Find, in the same manner, the two days when the 
sun's declination is equal to the co-latitude, and of the sajne 
name with it : the one will be the beginning, and the other 
the end, of the longest day. 

EXAMPLES. 

1. Whale Island, discovered by Mackenzie, lies in lat. 
69° 14' N.; required the time when the sun first appears 
above the horizon, and when it disappears ; also the length 
of the longest day and night there. 

Here 69"^ 14' being taken from 90^ leaves 20"^ 46' for the co-latitude. 

The two days on which the sun's declination is 20° 46' S. (of a con- 
trary name to the latitude) are Jan. 17th and Nov. 25th ; the former is 
the day on which the sun first appears above the horizon, the latter that 
on which it disappears. 



TERRESTRIAL GLOBE — PROB. XXVI, 57 

The two days on which the son's declination is 20° i& N. (of the same 
name with the latitude) are May 24th and July 20th ; the former is the 
beginning, and the latter the end, of the longest day. 

Hence, at Whale Island, the son first appears Jan. 17th, and rises and 
sets daily till May 24 th, a space of 127 days: it continues above the horizon 
from May 24th to July 20th ; therefore the longest day there is equal to 
57 natural days. From July 20th it rises and sets daily to Nov. 25th, 
128 days, and never rises again till Jan. 17th ; so its longest night is 
equal to 53 days. * 

2. When does the sun hegin to appear ahove the horizon 
at North Cape, in Lapland, lat. 71° 10' N.; when does it 
disappear ; and how many days are the inhabitants without 
seeing the sun ? 

Ans. The sun appears Jan. 26, and rises and sets daily till May 15; 
after which time it continues above the horizon till July 29 ; then it 
rises and sets daily till Nov. 16, when it disappears till Jan. 26; the 
length of the longest night is therefore equal to 71 days. 

3. When does the sun begin to appear at South Cape, in 
Spitzbergen, lat. 76° N. ; when to disappear; and what is 
the length of the longest day there ? 

4. The most northerly land discovered are seven islands 
called the Seven Sisters, that lie to the north of Spitzbergen, 
in lat. 81° N. Captain Phipps, in his voyage towards the 
North Pole, was so completely surrounded with ice at this 
place, that he and all the ship's company were for some 
time under the dreadful apprehension of being obliged to 
pass the winter here. How long would they have been 
without seeing the sun ? 

5. How long is the longest day at the North Pole ? 

6. In 1819-20, Captain Parry wintered at Melville 
Island, in the Polar Sea, lat. 75°; how many days were he 
and his men deprived of the light of the sun ? 

7. In 1827, Captain Parry, in his attempt to reach the 
North Pole, advanced as far as 82° 45' North ; required the 
length of the longest day there ? 
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PROBLEM XXVII. 
To find in what Latitude^ in the North Frigid Zone^ the Sun 
begins to shine^ without setting, on any given day. 
Find the sun's declination on the given day, subtract it 

from 90°, and the remainder will be the latitude required. 

The given day must be between March 21st and June 2l8t. 

In the same manner it may be found in what latitude, in the touth 
frigid zone, the sun begins to shine, without setting, on any given day 
between Sept. 23rd and Dec. 21st. 

EXAMPLES. 

1. In what latitude does the sun begin to shine without 
setting on April 23 ? Ans, 77° 31' N. 

2. May 15? 5. April 2 ? 

3. June 1 ? 6. Nov. 5 ? 

4. June 21 ? 7. Dec. 1 ? 

PROBLEM XXVIII. 

Having the length of the longest day in any place^ to find the 

Latitude of that pla^e. 
By THE Globe. — 1 . Bring the first of cancer to the meri- 
dian, and set the index to 12. 

2. Turn the globe westward till the index point to the 
hour of setting, which is equal to half the length of the day. 

3. Raise or depress the pole till the sun's place be observed 
to be exactly in the western horizon ; the elevation of the 
pole will give the latitude of the place. 

By this problem it may be found in what latitude any day is of a given 
length, by bringing the sun's place for the given day to the meridian, and 
proceeding as above. 

The examples in this problem may be proved by Problem XYII. 

EXAMPLES. 

1. In what latitude is June 2 1st 16 hours long ? 

Ans. Lat. 49° N. 

2. Where 18 hours long? Ans. Lat. 58j° N. 

3. Where is Dec. 1st 14 hrs. long ? Ans. Lat. 32° 46' S. 

4. In what latitudes is January 21st — 

5 hours long ? 10 hours ? 16 hours ? 

7 hours ? 12 hours ? 18 hours ? 



TBBRESTBIAL GLOBE — PBOB. XXIX. 59 

5. In what latitudes is February 20th — 

7 hours long ? 11 hours ? 15 hours ? 

6. In what latitudes is May 15th, or July 29th — 

6 hours long ? 9 hours ? 1 4< hours ? 18 hours ? 

PROBLEM XXIX. 

To find ifie LcUitudes of those places in the Frigid Zone where 
the Sun does not set for a given number of days. 

1. Take half the number of the days, and count as many 
degrees from the first of cancer towards the equinoctial 
point. 

2. Bring the point thus arrived at to the brass meridian, 
and observe the degree cut by it. 

3. Subtract this from 90% and the remainder will be the 
latitude of the place. 

The above method is not perfectly correct, because the snn does not 
advance one degree in the ecliptic every day, but takes 365^ days to 
move through the whole 360 degrees in the ecliptic 

EXAMPLES. 

1. In what latitude does the sun shine continual! v for 50 
days. Ans. 69°. 

2. In what latitude does it shine for 70 days ? Ans. 71° 30'. 

3. In what latitude does the sun shine continually for 1 
month ; for 2, 3, 4, 5, and for 6 months ? 

QUESTIONS FOB EXAHIKATION IK SECTION V. 

Into how many zones is the earth divided ? What are the boundaries 
of the torrid zone 1 What is its breadth ] How are the two temperate 
zones situated ] What is the breadth of each 1 What lines are the 
boundaries of the frigid zones 1 In which of the zones does the snn rise 
and set daily 1 In which does it not set for a certain number of days in 
fummer, or rise for a certain number of days in the winter ] What 
is meant by the sun's being vertical 1 In which of the zones is the 
son vertical twice a year] At what hour of the day is the sun 
vertical to any place] How often in the year is the sun vertical to 
places in the north temperate zone ? How often is the sun vertical at the 
tropics? To what tropic is the sun vertical on June 21st? At what 
tropic is the sun vertical on December 21st 1 Why is the sun never 
vertical to places that are not in the torrid zone ? How is it found on 
what two days of the year the sun is vertical to any place in the torrid 
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zone 1 How is this found without the globe 1 ,How maj the ezamplev 
be proved 1 How are the places found to which the sun is vertical on any 
given day 1 Having the day and hour given, how is it found where the 
sun is then vertical 1 A lace being given in the north frigid zone, how 
is it found when the sun begins to appear above the horizon, and when ft 
begins to disappear ; also, the length of the longest day and night 1 On 
any given day between the vernal equinox and summer solstice, how is 
it found in what latitude in the north firigid zone the sun begins to shine 
without setting 1 

QUESTIONS FOR EXBROISI^ IN SBOTION V. 

1. To what places will the sun be vertical on April 9th 1 

2. On March 12th 1 

3. On August 15th] 

4. When will the sun pass vertically over Surinam ? 

5. When will the sun pass vertically over the islands of Ascension, 
Mauritius, and Ghiam 1 

6. On what two days in the year will a person at St. Christopher's 
have no shadow at noon 1 

7. To what place will the sun be vertical on January 31st, when it is 
9 in the morning at Newcastle ] 

8. On June 14, when it is ^-past eight in the morning at Newcastle, 
where is the sun vertical ? 

To what places will the sun be vertical — 

9. On July 12th, when it is 9 in the evening at Jerusalem ? 

10. On the 26th of June, when it is 7 a.m. at London. 

11. On July 10th, when it is 2 in the morning at Quebec ] 

12. On Christmas-day, when it is midnight at Petersburg ? 

13. On November 10th, when it is 6 in the evening at Ormuzl 

14. Is the sun ever vertical at Jerusalem ? 

15. Is the sun ever more than 24 hours above the horizon at Arch- 
angel 1 

16. Suppose a person to pass the winter in 77° N. latitude, how long 
would he be without seeing the sun ? 

17. In what latitude does the sun begin to shine, without setting, on 
May 1st? 

SECTION VI. 

DEFINITIONS. 

1 . Twilight is that medium between light and darkness 
which happens before sunrise, and afte^ sunset. 

2. The crepusctilum is a circle parallel to the horizon, and 
18° below it, where the twilight begins and ends. 
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Op Twilight. — As soon as the sun comes within 18° of 
the horizon, its rays strike the higher parts of the atmosphere 
and, heing refracted and reflected to every part, occasion 
that. agreeably gradual transition from darkness to light, 
called twUighU 

In the same manner in the evening, after the sun sets, its 
rays strike upon the higher parts of the atmosphere, until 
it is more than 18° below the horizon : this prevents us from 
being suddenly deprived of the light of the sun. 

The benefits of twilight are obvious. A change so great, as from the 
darkness of midnight to the splendour of noon-day, would probably be 
injurious to the sight ; and it would be unpleasant to all, and in many 
cases very dangerous to travellers, to be involved in darkness without 
timely notice of its approach. 

In countries near the equator, twilight is of much shorter duration than 
it is in countries of high latitudes ; for at the equator the sun rises and 
sets perpendicularly, and consequently the twilight there cannot be 
greater than 1 hour 12 minutes, — but to places at a great distance from 
the equator it rises and sets very obliquely; and hence it requires a longer 
time to go 18° below the horizon. 

At the latitude of 49° N., twilight continues the whole night on June 
21st ; and at places still further north, it continues the whole night, for 
a certain number of days before and after the summer solstice. At 
London there is no total darkness from May 28th till July 20th. 

Twilight continues, at the north pole, from September 23rd, when the 
sun sets, to November 12th, — a space of 51 days. Twilight first appears 
again there about the 30th of January, and continues till sunrise on March 
21st. Thus, though the inhabitants (if any) at the north pole never see 
the sun for 6 months, yet, out of that time, they have twilight for 14 
weeks. The time that they receive no light from the sun is only 12 
weeks ; and during that time the moon is 6 weeks above the horizon. 

PROBLEM XXX. 
Tojind at what place it is Twilight at any given time. 

Find where the sun is then vertical, and elevate the globe 
for that place. Observe what places are less than 18° below 
the horizon ; to those below the western semicircle it is 
twilight in the morning, and to those below the eastern semi- 
circle it is twilight in the evening. 

Otherwise. — Elevate the globe for the antipodes of the 
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place to which the sun is then vertical, and ohserve what 
places are within less than 18° ahove the horizon. 

EXAMPLES. 

1. On March 10th, when it is 11 p.m, at New Orleans, 
where is it twilight ? 

An%, Morning. — Britain, France, middle of Africa. 
Even. Twilight. — Society and Sandwich Isles, Alashka. 

2. When it is 6 hrs. 45 min. a.m, at Newcastle on April 
27th, where is it twilight ? An%. Morning — Labrador, New- 
foundland. Evening — Alashka, New Hebrides, Now Cale- 
donia, part of New Zealand. 

3. Where is it twilight, when it is 3 o'clock p.m. at Lon- 
don, on June 4th ? 

4. On September 25th, when it is IOjp.tw. at Trinidad? 

5. Dec. 16th, when it is noon at Easter Island ? 

6. On April 4th, when it is 6 a.m. at Edinburgh ? 

7. On June 9th, when it is 3 a.m. at Glasgow ? 

8. On March 24th, when it is ^ p.m. at Benares? 

PROBLEM XXXI. 

To find the Duration of Twilight on a given day, 

1. Elevate the globe for the latitude of the place, bring 
the sun's place to the meridian, and set the index to 12. 

2. Turn the globe till the sun's place be 18° below the 
horizon, and the index will show the beginning of twilight ; 
or that point in the ecliptic, opposite to the sun's place, may 
be brought 18° above the western horizon. 

3. Subtract the commencement of twilight from the time 
of the sun's rising (see Problem XVII.), and the remainder 
will be the duration of twilight. 

EXAMPLES. 

How long does twilight continue at London on — 

1 . March 2nd ? An^. 1 hr. 50 min. ' 

2. June 21st? An%. No night. 

3. September 25th ? Ans. % hrs. min. 

4. December 26th ? Am. 'I 10 
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How long does twilight continue on March 21st at — 

5. Cape of Good Hope ? 8. Vienna ? 

6. Quito? 9. Petersburg? 

7. Jerusalem ? 

How long will it continue on June 2l8t at — 

10. Cape Horn? 13. Pekin ? 

11. Gilololsle? 14. Petersburg? 

12. Formosa Isle ? 15. Cairo ? 

PROBLEM XXXII. 

To find ait what places an Eclipse of the Moon is visible. 

Find, by Problem XXIV., the place to which the sun is 
• vertical at the given time. Elevate the globe for the anti- 
podes of that place, and bring the antipodes to the meridian; 
then, to all the places which are above the horizon, the 
eclipse will be visible. 

At an eclipse of the moon, the snn and moon are in opposite points of 
the ecliptic ; and the place to which the moon is then vertical is the anti- 
podes of that to which the sun is vertical. 

EXAMPLES. 

1. On May 10th, 1808, there was a total eclipse of the 
moon when it was 8 o'clock in the morning at Greenwich • 
where was it visible ? Ans. N. and S. America, the islands 
in the Pacific Ocean, east coast of New Holland. 

2. On April 30th, 1809, there was an eclipse of the moon 
when it was 1 a.m, at London ; where was it visible ? 

3. In 1811, March 10th, there was an eclipse of the 
moon, at 6^ a.m. at London ; where was it visible ? 

4. Aug. 22nd, 1812, there was an eclipse of the moon 
when it was 3 p.m. at London ; where was it visible ? 

QUESTIONS FOR EXAMINATION IN SEOTION VI. 

What is it that produces twilight] In what countries is twflightof the 
shortest duration ] In what latitude does twilight continue the whole 
night on June 2lBt] How long does twilight continue the whole night 
at London, and places of the same latitude as London ] How is it found 
where it is twilight at any given time 1 How is the duration of twilight 
found at any place on any given day 1 How is it found where an eclipse 
of the moon is visible ? 
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PART 11. 

CONTAININa PROBLEMS ON THE CELESTIAL GLOBE. 



DEFINITIONS. 

1. The celestial globe is an artificial representation of the 
heavens, having the fixed stars delineated upon it, in their 
natural order and situation. 

The celestial globe is not so exact a representation of the heavens as the 
terrestrial globe is of the earth ; because the stars are drawn upon a con- 
vex surface, and they appear in the heavens in an inverted order on a 
concave surface : but suppose the globe were made of glass, then, to an 
eye placed in the centre, the stars drawn upon it would appear on a con- 
cave sur&ce, just as they do in the heavens. 

2. The solar system consists of the sun and all those hodies 
which revolve round it. These are the planets, with their 
satellites, and the comets. 

3. The fixed stars are those bodies which shine by their 

own light, and are not subject to motion. 

The term fixed stars is not strictly correct. Many of the stars are 
known to have a proper motion through space ; and several even of the 
double stars, besides revolving round each other, are transferred, without 
parting company, by a progressive motion common to both, towards some 
determinate region. It becomes an interesting question — Does our sun 
move in an immense orbit of its own, carrying the whole solar system 
with it? 

4. A constellation is a group of stars. 

5. Planets are opaque bodies which only shine by reflect- 
ing the light of the sun. 

The name is derived from the Greek ^kaffirns (a wrnderer). A planet 
does not twinkle as the fixed stars do. 

6. Secondary planets, or satellites^ are the moons which 
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revolve round the primary planets, as those hodies revolve 
round the sun. 

7. Comets consist for the most part of a large and 
splendid, hut ill-defined, nehulous mass of light, called the 
head ; from virhich there usually proceeds, in a direction 
opposite to the sun, a stream of light called the tail. 

8. The celestial poles are the extremities of the earth's 
axis produced to the heavens : they are those two points 
round which the stars appear to revolve. 

9. The equinoctial is the equator supposed to he con- 
tinued to the heavens. 

10. Parallels of declination are small circles drawn parallel 
to the equinoctial ; or, they are the parallels of latitude sup- 
posed to he continued to the heavens. 

11. Celestial meridians are lines drawn from pole to pole, 
directly across the equinoctial ; they are also called circles of 
declination ; or, they are the terrestrial meridians supposed 
to he continued to the heavens. 

12. The declination of the sun, moon, or stars, is their 
distance north or south from the equinoctial. 

13. Bight ascension is that degree of the equinoctial 
which comes to the meridian with the sun, moon, or stars, 
reckoning eastward from the first point of Aries ; or it is 
that degree which comes to the horizon with the sun, moon, 
or stars, in a right sphere. 

14. Oblique ascension is that degree which comes to the 
horizon with the sun, or a star, in an ohlique sphere. 

15. Ascensional difference is the difference hetween the 
right and ohlique ascension. Expressed in time, it gives 
the sun's rising before or after 6 o'clock. 

16. Bight descensiony oblique descension^ and descensional 
difference^ have the same reference to the setting of the 
sun, or of a star, as the above terms have to rising. 

17. The latitude of any celestial body is its distance north 
or south from the ecliptic. 

18. Parallels of celestial latitude are small circles parallel 
to the ecliptic. 
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J 9. The longitude of any celestial body is its distance from 
the first point of Aries, reckoned eastward in signs, degrees, 
and minutes, upon the ecliptic. 

The latitude and longitude of celestial bodies have the same reference 
to the ecliptic as the lat. and long, of places upon the earth have to the 
equator ; the longitude is reckoned all round to 360°. 

20. The rising of any celestial object is when its centre 
appears in the eastern part of the horizon; culminating 
when it comes to the meridian, and its setting when its centre 
disappears in the western part of the horizon. 

• 21. Azimuth^ or vertical circles^ pass through the zenith 
and nadir, and are perpendicular to the horizon. 

22. The prime vertical is that vertical circle which passes 
through the east and west points of the horizon. 

If the quadrant of altitude be fixed upon the zenith, and brought to 
any part of the horizon, it will represent the quadrant of a vertical dide; 
if brought to the east or west point of the horizon, it will represent the 
quadrant of the prime vertical. 

23. Azimuth is the distance of a vertical circle passing 
through any celestial object, from the north or south point 
of the horizon, and is either easterly or westerly. 

24. Amplitude is the distance of any celestial object from 
the east or west point of the horizon, at the time of rising 
or setting, and is either north or south. 

The azimuth and amplitude are both found upon the wooden horizon ; 
the amplitude being numbered from the east and west points towards the 
north and south, and the azimuth from the north and south points to- 
wards the east and west. If the azimuth be uot marked upon the horizon, 
it may be found from the amplitude, being its complement, or what it 
wants of 90°. 

25. The zodiac is a zone which surrounds the heavens, 
extending 8° on each side of the ecliptic: it contains 12 
constellations, each bearing the name of some object, — from 
which the signs of the ecliptic have their names. 

26. The altitude of any celestial object is the arc of a 
vertical circle, intercepted between the centre of the object 
and the horizon. 
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27. The zenith distance is an arc of a vertical circle con- 
tained between the centre of a celestial object and the 
zenith ; or it is what the altitude wants of 90°. 

28. The meridian altitude, or zenith distance, is the alt. 
or zenith dist. when the object is in the meridian. 

29. Orhit is the path which a body describes in its revo- 
lution round the sun. 

30. A body is in conjunction with the sun when it has 
the same longitude, and in opposition when the difference of 
longitude is 180°. The occuUation of a star or planet is its 
eclipse, occasioned by the interposition of the moon or other 
planet between the earth and it. 

31. The geocentric place of a planet is its place in the 
heavens as seen from the earth ; the heliocentric place is its 
place as seen from the sun. 

32. Bisc of the sun or moon is its round face, which, 
from the great distance of the object, appears flat. 

33. A digit is the twelfth part of the diameter of the sun 
and moon. 

Geometrical Definitions. 

1. A greai circle divides a globe into two equal, a small circle into two 
nneqaal, parts. 

2. A right or direct sphere is that which has the poles in the horizon, 
and the equinoctial and parallels of declination perpendicular to It. 

8. An oblique sphere is that which has one of the poles elevated 
above the horizon less than 90°, and the other depressed below it ; the 
equinoctial and parallels of declination form, with the horizon, oblique 
angles. 

4. A parallel sphere is that which has the equator in the horizon, and 
the poles in the zenith and nadir. 



SECTION I. 



OF THE STARS. 

A clear winter evening affords one of the most brilliant 
prospects in nature. The canopy of the heavens is covered 
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with an innumerable multitude of stars, some shining with 
greater, and others with less, splendour. 

To the eye they appear to be all placed at the same distance from the 
earth ; and their different apparent magnitudes and brightness we are apt 
to attribute to the size of the bodies themselves, rather than to the dif- 
ferent distances at which they are placed. From the irregular manner in 
which they seem scattered about^ as well as from their apparently infinite 
numbers, any attempt to arrange them in classes, or to count their numbers* 
would at first view appear impossible. Tet we find that this was done 
in the very infiincy of astronomy. The shepherds of Ghaldea are sup- 
posed to have been the first who directed their attention to this subject : 
the nature of their employment invited them to the work, and the con- 
tinued serenity of their sky enabled them to pursue it without interrup- 
tion. In the time of Job some of the constellations were well known ; 
hence the following apostrophe, '' Canst thou bind the sweet influences of 
Pleiades, or loose the bands of Orion 1 Canst thou bring forth Mazza- 
roth in his season] Or canst thou guide Arcturus with his sons?" 
Stars continue visible through telescopes during the day as well as the 
night ; from the bottoms of deep narrow pits bright stars may be discerned 
by the naked eye. 

Astronomers, to assist the imagination and the memory in 
conceiving and retaining the number and position of the 
stars, divided them into certain groups, called constellations^ 
which, by a stretch of fancy, they supposed to resemble the 
figure of a man, or other object. 

The number of the ancient constellations was 48, but the present number 
upon the globe is 70, though, by some, it amounts to 91 ; of which 84 
belong to the northern hemisphere, 12 to the zodiac, and the remaining 
45 to the southern hemisphere : those stars which do not come into any 
of the constellations are called unformed stars. 

Stars are further divided into classes according to their 
apparent size. The largest are said to be of the first mag- 
nitude, the next in size of the second magnitude, and so on. 
The individual stars in each constellation are marked with 
the letters of the Greek alphabet ; the first letter, a, (alpha,) 
being put for the largest star in the constellation — the second 
letter, 0, (beta,) for the next largest — y, (gamma,) for the 
next — ^, (delta,) f, (epsilon,,) ^, (zeta,) »», (eta,) for the 
next— and so on ; and when there are more stars in a con- 
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stellation than letters in the Greek alphabet, the rest are 

marked by italic letters. This serves to point out the stars, 

as well as if particular names were given to each. But, 

besides this method of distinguishing them, some of the most 

remarkable have proper names assigned them. 

The lowest magnitude visible to the naked eye is the sixth, but as- 
tronomers cany the classification of the stars as &r as the sixteenth mag- 
nitude. All the stars of the same magnitude do not possess equal brilliancy: 
thus some stars, said to be of the first magnitude, are scarcely superior 
to the brightest of the second magnitude, or the feeblest of the second to 
the brightest of the third, and so on. 

The following is a catalogue of the stars in each constel- 
lation, with the names of the most remarkable stars. 

The figures placed against each constellation denote the number of stars 
eomposingit, and the figure attached to each principal star marks its mag- 
nitude. 



1. CONSTELLATIONS NORTH 01 


7 THE 


ZODIAC 




1. Ursa Minor 


The Little Bear 


24 


Pole Star 


2 


2. Ursa Major 


The Ghreat Bear 


87 


Dubhe 


1 


A j Perseus 

\ Caput Medusae 


Perseus 


JSQ 


AVgenib 


2 


Medusa's Head 


Algol 


2 


4. Auriga 


The Waggoner 


66 


Capella 


1 


5. Bootes 


The Herdsman 


54 


Arctums 


1 


6. Draco 


The Dragon 


80 


Bas'taben 


2 


7. Cepheus 




35 


Aldera'min 


8 


8. Canes Yenatid 


The Hounds 


25 






9. CorCaroli 


Charles's Heart 


3 






10. Triangulum 


The Triangle 


11 


■ 




11. Triangulum Minus 


The Little Triangle 


5 






12. Musca 


The Bee, or Fly 


6 






18. Lynx 


The Lynx 


44 






14. Leo Minor 


The Little Lion 


53 




8 


15. Coma Berenices 


Berenice's Hair 


43 






16. Camelopardalus 


The Camelopard 


58 






17. Mons Msenalus 


Mount Maenalus 


11 






18. Corona Borealis 


The Northern Crown 21 


Gemma 


2 


19. Serpens 


The Serpent 


64 




2 


20. Scutum Sobieski 


Sobieski's Shield 


8 






21. Hercules 


Hercules 


113 


Bas AFgothi 


8 


22. Ophiuchus 


Serpent Holder 


74 


Bas Alha'gue 


2 


23. Taonu Poniatowski 


Poniatowski's Bull 


7 







70 



CELESTIAL GLOBE — THE CONSTELLATIONS. 



24. Lyra 


The Harp 


22 Vega 


1 


25. Yulpecula et AnMr 


The Fox and Goose 


37 




26. Sagitta 


The Arrow 


18 




27. Aquila et Antionoiis 


The Eagle 


71 Altair, or Atair 


1 


28. Delphinus 


The Dolphin 


18 




29. Cygnus 


The Swan 


73 Deneb (the tail) 


1 


SO. Equuleus 


The Colt 


10 




31. Lacerta 


The Lizard 


16 




82. Pegasus 


The Flying Horse 


89 Markab 


2 


83. Andromeda 




66 Alpheratz 


2 


34. GafiBsiopeia 


The Lady in the Chair 55 Schedir 


8 


2. CONSTELLATIONS IN THE 


; ZODIAC. 




1. Aries 


TheKam 


66 


2 


2. Taurus 


The Bull 


141 Aldebaran 


1 


8. Gemini 


The Twins 


85 Castorand Pollux 1 2 


4. Cancer 


The Crab 


83 Acubens 


4 


5. Leo 


The Lion 


95 Begulus 


1 


6. Virgo 


The Virgin 


110 Spica Virginis 


1 


7. Libra 


The Scales 


51 Zubenel G^nu^i 


2 


8. Scorpio 


The Scor{)ion 


44 Antares 


1 


9. Sagittarius 


The Archer 


69 


3 


10. Gapricomus 


The Goat 


51 




11. Aquarius 


The Waterbearer 


188 




12. Pisces 


The Fishes 


113 




3. CONSTELLATIONS SOUTH OF 


THE ZODIAC. 




1, Phoenix 


The Phoenix 


13 




2. Officina Sculptoria 




12 




8. Erid'anus . 


The River Po 


84 Achemar 


1 


4. Hydrus 


The Water Snake 


10 




5. Cetus 


The Whale 


97 Menkar 


2 


6. Fornax Chemica 


The Furnace 


14 




7. Horologium 


The Clock 


12 




8. Reticulus 


The Net 


10 




9. Xiphias 


The Sword Fish 


7 




10. Cela Praxitelis 


The Gravers 


16 




11. Lepus 


The Hare 


19 




12. Columba Noachi 


Noah's Dove 


10 


2 


13. Orion 




78 Betelguese 


1 


14. Argo Navis 


The Ship Argo 


64 Canopus 


1 


15. Canis Major 


The Great Dog 


31 Sirius 


1 


16. Equuleus Pictorius 


The Painter's Easel 


8 




17. Monoceros 


The Unicorn 


81 
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18. Ganis Minor 

19. Chameleon 

20. Pyxis Nanlica 

21. Fiscis Yolans 

22. Hydra 

23. Sextans 

24. Bobnr Carolinnm 

25. Machina Pneumat. 

26. Grater 

27. Corvus 

28. Grox 

29. Musca Anstralis 

80. Apns Indica 

81. Gircinns 

82. Gentaums 

83. Lupus 

84. Quadn Eudidis 

85. Triangulum Aust. 

86. Ara 

87. Telescopium 

88. Gorona Anstralis 

89. Pavo 

40. Indus 

41. Microscopium 

42. Octans Hadleianus 
48. Grus 

44. Toucan 

45. Piscis Australis 



14 Pro'cyon 
10 

4 

8 

60 Gor Hydrs 
41 
12 

3 
81 Alkes 

9 Algorab 

6 



The Little Dog 

The Ghameleon 

Mariner's Gompass 

The Flying Fish 

The Hydra 

The Sextant 

The Boyal Oak 

The Air Pump 

The Cup 

The Grow 

The Cross 

The Southern Fly 4 

The Bird of Paradise 11 

The Compass 4 

The Centaur 35 

The Wolf 24 

Euclid's Quadrant 12 

The Triangle 5 

The Altar 9 

The Telescope 9 

The Southern Crown 12 

The Peacock 14 

The Indian 12 

The Microscope . 10 

Hadley's Quadrant 43 

The Crane 13 

The American Goose 9 

The Southern Fish 24 Fomalhaut 



8 
3 
1 



2&3 



OF THE NUMBER OF THE STABS. 

The number of stars that can be seen at any one time, 
by the naked eye, does not exceed a thousand ; though, 
from their twinkling and the indistinct manner in which 
they are viewed, they appear to be innumerable. 

Bat if we take into the account the stars that are visible 
through good telescopes, their number may be said to be 
almost, if not altogether, infinite. They are not equally 
distributed in the sky, but are chiefly crowded together in 
the region of the Milky Way. 

The Milky Way is a broad track or path encircling the heavens ; it is 
9n assemblage of stars too remote to be seen singly, but so closely dis- 
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posed as to give a luminous appearance to tbat part of the heavenB. In 
the Milky Way Dr. Herschel has, in a quarter of an hour, seen 116,000 
stars pass through the field of view of his telescope. ** In short," to 
use the words of Sir John Herschel, " the Milky Way, when examined 
through powerful glasses, is found to consist entirely of stars scattered 
by millions, like glittering dust, upon the black ground of the general 
heavens." 

Astronomers have, however, not yet fathomed the sky; as more 
powerful telescopes are applied, stars unseen before burst upon the view. 



OF THE DISTANCE OF THE STABS. 

For a long time the only thing known respecting the 
distance of the stars was, that the nearest of them could 
not he less than nineteen hillions of miles distant from us; 
how much more was not known. From the ohservations of 
Bessel, a Prussian astronomer, it is now rendered probable 
that the distance is three times that amount, or upwards of 
fifty-seven billions of miles. 

The swiftest motion we are acquainted with is that of light, which 
moves at the rate of twelve millions of miles in a minute. Though 
flying with this inconceivable velocity, it will require ten years to 
traverse the space which separates us fi:om the nearest fixed star. If 
the opinion of astronomers be correct, that stars of the second magnitude 
are twice the distance of those of the first, the third at twice the distance 
of the second, and so on, how great the distance of those which are just 
perceptible ! The light that strikes upon our eyes from the Milky Way 
on a winter's night must have left the luminaries which afford it upwards 
of a thousand years ago. A cannon-ball, with its rush of twenty miles a 
minute, would require five and a half millions of years to travel from the 
nearest fixed star to us. 

The method of ascertaining the distance of the stars depends upon the 
determination of their annual parallax. The process may be thus ex- 
plained : 

A person standing at A, 
on the margin of a circular 
lake. A, E, B, will see a 
tree at o in a different di- 
rection from a person si- 
tuated at the centre, d. 




w 
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diffeMDM of diiectiiin being aacertamed, or, ia otliec woida, tlie 
BDglei A D and <J S S beins measured, and the length of a i; being 
talun, the distODce of the tree at o, oc the length of the line o D can 
readily be found by a trigonemetrical pruceaa. The angle A H ia de- 
nominated the paraliax of tlie object at c, with respect to the ohMrven 
at A and n. It is evident thut the Ihrther the abject al a is removed 
from the ipectators, the lesa this parallax wiR become- 

Let us apply Ibis illustmlion to astronnmical purpoges, and anppow 
the circle A B b to represent the earth, and the paint c a fixed Elar. It 
might be expected that mjs of hght from Che star at C would fltrike ft 
spectator at A, and another, Rupposed to be at the centre s, in diSenuit 
directions : or, in other wards, that the delicate uiattamenta and practiced 
eyes of aitronotnerB would bo nbte to delect some difFereuce between the 
angici A D and c u a. But they liave not. The line A D, thecefore, 
or ibe radius of the emib, 4000 m., ia uothing in comparison with s o, 
the diilance of the star at a irom the centre of the earth. 

Next let the circle ABB represent the earth's orbit. The angle A o D 
ii in this case called the annaal parallax. Nov, although the point A is 
distant from D ninely-fi™ millions of milea, astronomera for a long lime 
ceald not detect any parallax. They measured the angles subtended by 
B particular slnr at all seasons of the year ; or, in other words, from all 
points of the earth's orbit, without observing any difference. At length 
Prefessor Bessel has found the parallax of the star 01 Cygni, to be about 
one-third of > eecnud. Cnnlidence i> phiccd in his obiervations, b»t as 
the angle is >d very minute, the conlirmatiou oC bis result is looked f«r 
with interest. 

Owiog to the estrcme distance of the etars, their discs or 
bodies cannot he rendered visible hy the most powerful 
telescopes. 

Many of the Btars must he much Buperior in hrightneas to 
our Bun. It bus been computed that Sinus, the brightest 
of the stars, emits fourteen times as much light as the sua. 

It ia probable that tlie stars are at as great a distance 
from each other as the nearest star is from the earth. 

OF THE APPARENT MOTION OF THK STARS. 

Tlie motion of the earth upon its own axis, from west 
to east, causes the apparent motion of the stars in a con* 
traiy direction, from cast to west ; they all move round in 
puallel to the cquiuoctial,. 
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Beiice, when the equinoctial is perpendicular to the hoilsdh, tney Hid 
and set perpendicularly; when the equinoctial cuts the horizon o^jli^iiteiyx 
they all rise and set obliquely; when it coincides with th6 horkon, tniS 
stars nbither rise nor set, but move round ill circles parflllfel to thtf 
horizon. 

At the eqtiator the pole star is always upon th6 horizon, and \iXL the 
other stars rise and set perpendicularly; each star being twelve hourS 
aboVe and as many below the horizon, aS may be s^^H by ^ievdtln|; the 
globe for a right sphere. 

In the North Temperate Zone the stars will rise dnd let bbllquely ; 
and those stars whose distance from the pole is not greater Ihan the lati- 
tude of the place, turn round the pole without Setting. This will be seeii 
by devating the globe for the latitude of London. But it will be better 
obterred by having recourse to the heavfths thbnlselves, and watchltig 
the motion of the stars for a few hbuTs oh a Winter's evening. 

Those stars that have, at any time, the same right ascen- 
gion with the sun, come to the meridian with it ; and the 
other stars come to the meridian hefore or after the san, 
according as they are W. or E. of it. The sun appears td 
advance eastward among the stars, at the rate of nearly 1* 
or 4 m. of time per day ; this causes the stars to come to 
the meridian, on any day, 4 minutes sooner than on the 
dtiy preceding. 

Those stars that are on the meridian at midnight will, the next night, 
be on it 4 m. before 12 ; in two nights 8 m., and sb on. Frdtd this 
cause the heavens, in the course of six months, present an entirely new 
assemblage of stars (with the exception of those that never go below the 
horizon) to the eye. A revolution of one year brings the sun exactly 
into the same situation, with respect to the stars, as it was on the same 
day of a former year ; on the same day of any year the same stars will 
always come to the meridian at the same titaie. 

A sidereal day, by which astronomers generally reckon, is 4 m. 
shorter than the solar one ; and a sidereal year (that is, the time in which 
the earth completes a revolution in its orbit, as indicated by its return to 
the same point in the heavens) is 365 d. 6 h. 9 m. 9.6 s. long, according 
to solar time, but it is 366 d. 6 h. 9 ra. 9.6 s., reckoned in sidereal time. 
Civil tihie is regulated by the equinoctial year, which is the interval 
between two returns of the sun to the same equinox* Its duration is 
365 d. 5 h. 48 m. 49.7 s. 
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OP I^eW, TiMPottiiV, VARIABLE, AND iJOtTBLl! STARS. 

Seyerel stars tirhicb are marked in the early catalogues^ 
and sOine which hate heen bbserted by ihodcrn astrb- 
nomers, have disappeared from the sky. On the other 
hatid, there are soiue stars now in the heavens which have 
only recfetitly become visible ; these arfe termed new stars. 

A kindred phenomenon is that of stars becoming sud- 
denly visible, shining for a brief period with considerable 
splendour, and then disappearing altogether. These are 
temporary stars. 

The earliest star of this kind on record is that which suddenly ap- 
peared in the year 125 b.c. It was observed by Hipparchus, who was 
ih consequiehce induced to draw up a catalogue of the stars, the earliest on 
record. Another blazed forth in A.n. 389, remained three weeks as 
bright as Venus, aiid then disappeared altogether. There are records of 
similar appearances in the years 945, 1264, and 1572. The star of 
1572 was observed by Tycho Brahe. Sis attention was drawn to it by 
observing one evening (Nov. 11) on his return from his observatory to 
his dwelling-house, a group of country people gazing at a star which he 
was sure did not exist half an hour before. It was then as brilliant as 
Sinus, and continued to increase till it surpassed Jupiter when brightest, 
and was even visible at ihid-day. It began to diminish in December of 
the same year; and in March^ 1574, it had entirely disappeared. The 
stars of 945, 1264, and 1572 appeared in the same part of the heavens, 
between Cepheus and Cassiopeia. This circumstance, combined with 
the £Eict of their having appeared at nearly equal intervals, has suggested 
the idea that the appearances are owing to the revolution of the same 
star in an extremely eccentric orbit. This conjecture will be confirmed 
or overthrown in about thirty or forty years, when, if correct, the star 
will re-appear. 

'there is a class of stars denominated variable^ whose 

light ondergocs a periodical increase and diminution. 

One of the most remarkable of these is Algol in Medusa's head. It is 
tutttfllly visible as a star of the 2nd mag., and as such continu<;s visible for 
2 d. 14 hrs., when it suddenly begins to diminish in splendour, and in 
about 3i hrs. is reduced to the 4th mag. Its feeblest lustre lasts little 
more than 15 m., when it begins to increase, and in 84 hrs. more is 
restored to its usual brightness. Its full period is 2 d. 20 hrs. 48 m. 
Another of these stars is « Ceti, called also Mira, or the woiLd.et(ui <^\ax« 
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It goes tlirough its phases in 881 d. 10 hn. When brightest^ it if of the 
2nd mag., and remains so for about a fortnight It then decreases 
daring three months^ when it passes out of sight, continues invisible for 
five months^ and then re-appears. There are altogether about twenty stars 
ascertained to be variable, and upwards of fifty suspected to belong to 
the class. 

Many stars are multiple, that is, they appear to be single 
when seen by the naked eye, but are found to consist of 
two or more, when viewed through a telescope of sufficient 
power. 

The number of these double stars, and the smallness of the iiKtarvil 
between the stars so conjoined, forbid the idea of an accidental eoalt 
guity. This is entirely put out of the question by the dlscoyerj ot tiw 
fact that many of these double stars revolve round a common Cinlm* 
Fifty or sixty instances have been noticed of the two stars revolviflf 
about each other in regular orbits, and constituting what are tomiad 
"biliary stars, to distinguish them from double stars generally lo called. 
Some of the most remarkable of these are — Castor, whose constitMnts 
complete a revolution in 252 yrs. ; n Ooronse in 43 yrs ; ( TSttm in 58 
yrs. ; 61 Cygni in 452 yrs. ; » Virginis in 629 yrs. 

Besides binary stars, systems consisting of three, four, and even five 
individuals, have been found to exist. 

Many of the double stars exhibit the curious and beautiful phenomena 
of contrasted colours. In such instances the larger star is usually of a 
ruddy or orange hue, while the smaller one appears blue or green. 
Persons possessed of ordinary telescopes will get an illustration of this by 
observing the star Albireo in the beak of the Swan. 

The whole number of stars whose multiple character has been ascer- 
tained, cannot be less than 6000. 

OP NEBULiE AND CLUSTERS OF STARS. 

The most astonishing as well as most mysterious objects 
in the heavens are nebulce, which are misty patches of 
light, and are scattered in considerable numbers through 
space. When viewed through powerful telescopes, some of 
them are found to consist of clusters of stars; these are 
termed resolvable nebulae ; in other cases the diffused 
luminosity continues unbroken ; these nebulce are said not 
to be resolvable. 
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On a deu winMr'a night n faint light is obierrod to envelop the ai 
or «!Ten Btan which form the Pleiades ; a cammon telestope will show 
that it ii occaaioDed b;' a daiter of itaii loo minute tn be indiTidaallj 
recogaiied b; llie naked eye. A cluster in the sword handle of Femm 
affords a timikr and vaj beaatiftil exhibition ,- and. the Inminona tpot 
in Cancer, called Pneaepe, or the bee-hive, may with equal facility be 
resolved. In the eonstellation Hercules, midway between Ihe atare ■ 
and Z, is 3 nebula which in &TouralIe circnmElanceB maj he seen by the 
naked cj-e. Viewed thcaugh an ordinary telesco|>e, it appears exactly 
like a Bmall round comet without a tail; but when very high power! are 
n applied to it, an appearance like 
I that figured in the cut is pre- 
scnlE^d. " II would he a vain laik 
(says Sic John Hertchel) to count 
the stata in one of these glohuiaT 
cUileri. They ace not to b« 
I reckonedby hundreds. Onarongh 
I calculation, it would appear that 
I many of them muit contain nl 
asC ten or twenty thousand stars, 
impDctcd and wedged together in 
an area not more than a tenth part of that covered by the moon." 
And yet, in nil probability, the individuala ol inch a group are suns like 
our own, and their mutaal distances equal to those which separata our 
■nn from the nearest fixed star ! The works of Qod baffle our tompra- 
hension — how mysteriously (jreat and glorious is the Crentor I " Canst 
thou by searching £ud uut God( canst thou find out the Almighty nnto 
perfection r 

Many, however, of the nchulie (and such only are properly so called) 
have not been resolved. A remarkable mstancc of ibis kind is in the 
constellation Andromeda, near the, 
■lar r. It il Tisiblc, under bvour- 
able circiunitaneei, to the naked 
eye, and when seen through n 
tetneope hiu the appcaiancc of a 
candle ihining through a horn (see 
cnl), "It hat in it a few amal! | 
■lacs; hut ihey are obviously casua! 
and tbo nebula Itielf oDitnoottli 
iligblfst appearance to give ground I 
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nebula. |t hs^, however, recently been regolyed bj jexj powerful t^- 
copes ; and the opinion gains ground that all the nebulae are clufters. 
Between the stars ^ and f Lynn (see fig. of Lyra) is a ^bnl^ thfit )u|s 
the appearance of a ring, which is easily seen. 

The number of nebulae already catalogued is between two apd |hree 
thousand. 

It is considered by many that our sun partakes of the nebulous cha* 
racter. The peculiar appearance called the zodiacal light has led to this 
conjecture. It is easily seen after almost any dear sunset in tropical 
climates, but in this country it can only be distinguished in the evening 
about the months of April and May, jic ^ tftft m^J^ Wg^ fe^ W 
rise. It consists of a long train of fi|^ Mi ff> fq^ ffl^ J#^ 
ing the sun, and foUowing generally t^ejjji^pfl^fij^^ ftHMP 
beyond the orbit of Venns. 

PROBLdHI I, 
To find the Right Ascension ^^cf Jf^f^i^nc^ion ^^Hfg 
Bring tbe star to the brass 1()^f)^|MP j ^^ 





meridian over it is the decliq^mu uj^ (i|{| ^fSfg 
equinoctial under the meridian m^ fjm MgfflBgBi 

Declination on the celestial globe is the same thing as latitude on the 
terrestrial, and right ascension the same thing as longitude. 

The right ascension may otherwise be found by elevating the globe for 
a right sphere (viz., bringing the poles to coincide with the horizon), and 
bringing the star to the eastern horizon ; the point of the equinoctial 
that comes to the horizon at the same time will be the right ascension: it 
may be expressed either in degrees or hours. 

The use of the declination is principally to find the latitude of any 
place by the altitude of the stars. 

EXAMPLES. 

)' W^ft! ^ ())^ ^^^. f^^^^^^ ^^^ declination of Si- 
rj^f ^m. ^f. Wt 88° ft', Pf fi lirs. 36 m. Dec. 16° 27' S. 
8, ]^<]uire;d (|fp J[^* f^* ^p^ ^^^* ^^ ^^^ P^^® ^^^* ^^^* 

fti?iBm!Fp4 fbe rigl^t <KPpn!H9P a^^ declination of— 
1^. |^I}^P»p4*'8 Gir4Jp, i^ir^hj ^' -*• Ram's Following 
^9^pf^9 g* fi« ^h^lpa 4ft^?i Menlcar, a. 6. Medusa's 
?f PW^t J^lgplj S: T. Bp^-apqs Side, Algenib, u. 8. Brightest 
of the SfiYfin Stars. Q. Buirs Eye, Aldeharan, a. 10. 
Auriga's Shoulder, Capella, a. 11. Orion's Foot, Rigel, 0. 
12. Bull's N. Horn, p. 13. Orion's Left Shoulder, Bella- 
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trix, y. 14. Orion's Girdle, e. 15. Orion's Right Shoulder, 
Betelguese, a. 16. First Twin, Castor, a. 17. Little Dog, 
Procyon, a. 18. Second Twin, Pollux, fi. 19. Bootes, 
Areturus, a. 20. Lyra, «. 

PROBLIPM II, 

ffaoing the Right Ascension and Declination of fp Star^ to 

find it Qn ike Globe, 

Bring the right ascension, marked on the equinoctial, to 
the hrass meridian ; then, under the given declination marked 
pn tl^e i)[>eridian, will he the star required. 

EzAMPLE8.^-Reqnired the stars whose right ascension 
end deelination are as follow : 

BIOHT ASCENSION. BECLINATIOIf. 

In degrees. In time. 

1. 139^ 15' 9h. 17m. 7° 48' S. 

Ans. Alphard, Hydra's Heart. 
8. 148 15 9 57 12 56 N. 

Ans. Begulus, Lion's Heart. 



3. 


162 


15 


10 


49 


57 


27 N. 


4. 


162 


45 


10 


51 


62 


50 N. 


5. 


174 


30 


11 


88 


15 


41 N. 


e. 


IQl 


15 


12 


45 


57 


3 N. 


7. 


198 


30 


13 


14 


10 


7 8. 


8. 


209 


30 


J3 


58 


65 


20 N. 


9. 


211 


SO 


14 


6 


?o 


13 N. 


10. 


219 


45 


14 


39 


15 


12 S. 


Jl. 


226 


30 


15 


6 


8 


38 S. 


12. 


231 


30 


15 


26 


27 


24 N, 


13. 


244 


15 


16 


17 


25 


58 S. 


14. 


256 


15 


17 


5 


14 


38 N. 


15. 


261 


15 


17 


25 


12 


43 N. 


16. 


268 





17 


52 


51 


31 N. 


17. 


277 


30 


18 


30 


38 


36 N. 


18. 


295 


15 


19 


41 


8 


21 N. 


19. 


341 


30 


22 


46 


30 


40 S. 


20. 


343 


30 


22 


54 


14 


8 N. 
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PROBLEM III. 

To find the Latitude and Longitude of a given Star, 

1. Bring the pole of the ecliptic, which is in the same 
hemisphere with the given star, to the hrass meridian, and 
fix over it the quadrant of altitude. 

2. Holding the glohe steadily, move the quadrant till it 
come over the given star ; then the degree of the quadrant 
cut hy the star is its latitude, and the degree on the ecliptic 
cut hy the quadrant is its longitude. 

That part of the heavens north of the ecliptic is called the fiarthem 
hemisphere^ and that south of the ecliptic the southern hemisphere ; so 
that a star may be north of the equinoctial^ and yet haye S. latitude, 
or south of the equinoctial, and have N. latitude. 

The longitude of celestial bodies is not reckoned in degrees and. mtntUes, 
as the right ascension is, but in signs, degrees, and minutes^ in the same 
manner as the sun's place, which is only another name for the sun's lon- 
gitude. 

The quadrant of altitude is fixed upon the pole of the ecliptic, because 
in that position it will be perpendicular to every point of the ecliptic, and 
therefore represent circles of longitude. 







EXAMPLES. 


5qi 


lired the lat. and long, of the following stars : 


1. 


Taurus, /?. 


Ans. 5°22'N.L. n 19° 47' L. 


2. 


Pollux. 


Ans. 6° 40' N. L. 25 20° 28' L. 


3. 


Regulus. 


10. Capella. 16. Duhhe. 


4. 


Scorpio, i3» 


11. Fomalhaut. 17. Algol. 


5. 


Markah. . 


12. Procyon. 18. Aldeharan. 


6. 


Atair. 


13. Centaur, a. 19. Spica Vir^nis. 


7. 


Arided. 


14. EnarAcher- 20. Antares. 


8. 


Schedir. 


nar. 21. Rigel. 


9. 


Draco, a. 


15. Arcturus. 22. Canopus. 



PROBLEM IV. 

The Day of the Month heing given^ to find at what Hour any 

Star comes to the Meridian » 

By the Globe. — 1. Bring the sun's place to the meridian, 
and set the index to 12 o'clock. 



2. Turn the globe round till the given star come to the 
meridian, and the index will show the hour, 

If theatar be to the E. of tbe sun, it will come to the mecidisn artcr 
tlw •un, and hence tbe boat will bo p.m. ; but if the star be to the W. 
of Ibe fan, the boor will be a.m. 

Without the Globe. — Find the sun's right ascension for 
the day, by the table in White's Ephemeris, or by Table II. 
at the end of this work ; and find the rt. as. of tbe star 
from Table III. or from any catalogue of stars. 

Subtract the sun's right ascension from that of the star, 
(both being expressed in time,) and the remainder ■will be 
the time of the star's coming to the meridian. 

If the light sicension of the aim he greater lh»n thnt of tbe Btar.add 
la it 24 before you lublcacl; nnd the remainder, if leu than 12, ii the 
lime of iha itai't coming to the meridian in the nfltmoon, ; if tho re- 
mainder be greater than 13, taks 12 bvb;, sad the lut lemaindei is the 
lime of the ttsr'a coming to the meiidion in the iitamins. 

Examples. — At what hour do the following stars come to 
tbe meridian on Feb. dth? 

1. Lyra. An>. 9 h. 1 m. a.m. 

2. Aidebaran. Ana. 6 55 p.m. 

3. Arcturua. T. Castor. 

4. Capella. tt. Fomalbaut. 

5. Sirius. 9. Markab. 

6. Regulua. 10. Atair. 

Tliefint Example performed without the Globe. 

The Buu"> right Mcension, on Feb. 9th, ia 31 bra. 29 min. ; the right 
MCcDrion of Lyra is 18 hn. 30 min. ; to the last add 21, and from the 
«am421irL SOmin., nibtlact 21 bra. 20 min.; the remainder is 31 hn.l 
min. From tbii ranainder lake awn; 12, and there are left 9 hrs. Imin.; 
vhicb is tbe time of the star's coming to tbe meridian in tho morning. 

Required the time at which the following stars come to 
tbe meridian on tbe respective days. 

11. Regiilus, Oct. 2*. 1 1. Cassiopeia, S, Nov. 8. 

12. Draco, a, Sept. 20. 15, Ras Algethi, Aug.22. 

13. Beilatri-t, Jan. 7. IC. Mcnkar, May 5. 
^^^ At what hour does Alphard (Hydra'a Heart) on — 



93 CELESTIAL GJ^OBB-r-PEOB. y. 

17. January 29. 20. Septemtear ?3. 

18. May 15. 21. f^pyem^erfi. 

19. August 12. 22. Decen^^pf gl. 
At what JiQpr do the following s^ais. 

23. Mirach, April 6. 26. Seven Stm, Aug. 89* 

24. Almaach, Junp 21. 27. J^rqpypi^, Qpt. 14. 

25. Algql, July 12. ?S. GfG^); gefMia «t ^PP- 26^ 

PROBLEM V. 

To find <m what Day of the Yee^ any S$ar pmM the 

Meridian at any given Hour, 

By the Globe. — 1. Bring the given star to the meridian, 
and set the index to the given hour. 

2. Turn the glohe till the index po}nt to |2 ^t npon; tlje 
day of the month, corresponding to the plegree of the ecliptic 
under the meridian, will he the day required. 

Without the Globb.-t-I. If the star come to the meri- 
dian in the morning, add the time that it wants to noon to 
the right ascension of the star, and the sum will he the right 
ascension of the sun on the required day. 

2. If the star come to the meridian in the evening, suh- 
tract the time from noon from the star s right ascension, «nd 
the remainder will he the sun's right ascension. 

3. The day of the month, answering to this rigl^t ascen- 
sion, m;^y h^ found from Tahle II, 

If, in adding, the sum is more tl^m24h. or 860°, subtra^l {mm it 24h. 
or 360°, and the remainder will be the sun's right ascension. 

If, when you subtract, the rt. as. of the ptar is less than tiie time from 
noon, add to it 24h., or 360°, before subtracting. 

Examples. — 1. On what day does Algenib, in Perseus,' 

come to the meridian at midnight ? 

Here 3h. lOra., the right ascension of Algenib, added to 12h., the 
time from noon, gives 15L 10m., the sun's rigbt ascension ; the day in 
the Table answering this R. A. is Nov. 12. 

2. On what day does Spica Virginis come to the meridian 
at half-past nine in the evening ? Ane, May 18th. 
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Qn wbftt days do the following stars come to the meridian 
at midnight ? 

3. Algol. 5. A cuheps. Cancer. 

4. Betelguese. 6. Alioth, Great Bear, e. 

On what days do the following stars come to the meridian 
at nine o'clock in the evening ? 

7. Bas Alhague. 9. Leo, 0. 

8. Rastaben. 10. Pegasus, ff. 
Required the days on which the following stars come to 

the meridian at five o'clock in the morning. 

11. Sirius. 14. Great Bear, }. 

12. Aries, a. 15. Serpent, a. 

13. Taurus,/?. 16. Andromeda, a. 

On what days do the following stars come to the meridiga 

at ten o'clock in the evening ? 

17* Orion, I. 18. Acubens. 19. Alder^min. 

On wbat days does Arqturus come to the pieridian, at — 

20. Noon ? 22. 9 p.m. ? 24. 3 c^.m- ? 

21. Sp.rn.i 23. Midnight? 25. Q a.mA 

PROBLEM VI. 
The Latitude^ Hour of ike Nighty and Day of the Months 

being given^to find the Altitude and Azimuth of any Star. 

Elevate the globe for the given latitude, bring the sun's 
place to the meridian, and set the index to 12 ; and turn 
the globe till the index point to the given hour. 

Fix the (juc^drant of altitude on the zenith, and bring it 
over the star ; then the degree upon the quadrant cut by 
the star will be its altitude, and the distance between the 
foot of the quadrant and the north or south point pf the 
horizon will b^ the azimuth. 

Examples. — 1. Required the altitude and azimuth of 
Cor Leonis, at London, on May 11th, at 11 o'clock p.m. 

Am. Alt. 26° 50^ Az. S. 76° 30' W. 

2. Required the altitude and azimuth of Capella, at Rome, 
on December 2nd, at five in the morning. 

Am. Alt. 42°. Az. N. Q{f W. 
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What are the altitude and azimuth of the following stars, 
at Newcastle, October 6th, at the following hours ? 

3. Arided, midnight. 7. Menkar, 1 1 p,m, 

4. Capella, S p.m. 8. Atair, 9 p.m. 

5. Castor, 10 p.m. 9. Vega, 9 p.m. 

6. Algenib («, Perseus), 8 p.m. 1 0. Arcturus, 7 p.m* 
Eequired the altitude and azimuth of the following stars, 

at London, December 21st, at 4 in the morning. 

11. Spica Virginis. 15. Procyon. 

12. Sirius. 16. Pleiades (Taurus, n). 

13. Deneb (Leo, jS). 17. Arided (Cygnus, a). 

14. Cor Hydrse. 

Give the altitude and azimuth of the following stars, at 
C. Good Hope, June 21st, at midnight. 

18. Spica Virginis. 21. Has Alhague. 

19. Antares (Scorpio, a). 22. Fomalhaut (S. Fish, a). 

20. Arcturus. 23. Achernar (Eridaiius, a). 
What are the altitude and azimuth of the following stars, 

at Jerusalem, August 9th, at 4 o'clock a.m. ? 

24. Menkar (Cetus,a). 27. Phoenix, a). 

25. Algol. 28. Fomalhaut (S. 

26. Dubhe (Ursa Major, a). Fish, a). 
Required the altitude and azimuth of the following stars 

at Quito, on March 22nd, at 10p.m. 

29. CorHydrsB. 31. Sirius. 

80. Canopus 32. Centaurus, «. 

(Argo, a). 33. Cor Caroli. 

PROBLEM VIL 

The Azimuth of any Star and Day of the Month being given^ 
to find the Hour of the Night and the Altittfde of the Star^ 
in a given Latitude. 

1. Rectify the globe as in the last problem, fix the qua- 
drant of altitude upon the zenith, and bring it to the given 
azimuth. 

2. Turn the globe round till the star come to the quad- 



CELESTIAL GLOBE — ^PROB. VIII. 85 

rant ; then the index will show the hour, and the altitude of 
the star will be found upon the quadrant. 

K.B. Some of the examples admit of two answers. 

EXAMPLES. 

1. The azimuth of Begulus, the Lion's Heart, at Lon- 
don, May 11, was S. 76° W. ; required the altitude and hour 
of the night. Ans, Hour, 11 p,m, Alt. 27°. 

2. The azimuth of Capella, at Rome, on Dec. 2nd, was 
N. 60° W. ; required the altitude and hour of the night. 
Ans. Hour, 5 a,m, Alt. 42°. 

Having the azimuth of the following stars, required their 
altitude, and the hour for London, on Sept. 1st. 

3. Ras Alhague, S. 47° W. 5. Delphinus, «, S. 20° E. 

4. Dubhe, N. 23 W. 6. Cygnus, , S. 55 E. 
Having the azimuth of the following stars for Newcastle, 

Oct. 6th, required the hour and the altitude. 

7. Seven Stars, S. 88^° E. 11. Auriga, 0, N. 52° E. 

8. Arcturus, N. 81 W. 12. Betelguese, S. 80 E. 

9. Aries, «, S. 65 E. 13. Cancer, «, S. 70 E. 
10. Capella, N, 40. E. 14. Procyon, S. 29 E. 

PROBLEM VIII. 

The Altitude of a Star^ the Day^ and the Latitude being 
given^ to find the Azimuth and Time of the Night, 

1. Rectify the glohe as in the former prohlems. 

2. Having screwed the quadrant upon the zenith, turn the 
glohe and move the quadrant till the star cut the quadrant 
at the given altitude ; the index will show the hour, and the 
quadrant the azimuth on the horizon. 

The stars haying the same altitude twice a day, it is necessary to know 
whether the gi?en star is E. or W. of the meridian, or whether the hour 
required is in the evening or morning. 

Examples. — 1. The altitude of Rigel, in Orion, was oh- 
served at Boston (America) to be 15° in the evening of 
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December 6 th ; what were the hour and azimuth ? Am- 
8 hrs. 1 min. ; azimuth, S.B. by E. 7** B. 

2. At Jerusalem, on the morning of August 9, the alti- 
tude of Alderamin (Cepheus, a,) was 41°; required the 
hour and the azimuth. Ana. Az. N. 34° W. ; hour 4. • 

Having the altitudps of the following stars at London, 
on thp days given, required the time and azimuth. 

3. Sept. 1, Even. Ursa Major, i?, 389 

4. pec. 21, Morn. Deneb, Leo,/?, 50 

5. May U, Even. Regulus, 27 

6. Sept. 1, Even. Scheat Alp. ft Peg^as, 47 

7. May 11, Even. Castor, 18 

8. Dec. 21, Morn. girius, 8 
Having the altitudes of the following, stars at Orand Cairo, 

required the hour and azimuth. 

9. June 4, Even. Alphard, 14|° 
10. Spica, 43 

11. Aug, 12, Morn. Menkar, 57 

12. -— ^ . Sirius, 14i 

PROBLEM IX, . 

Having the Azimuth of a Star^ the Latitude^ and Hour^ to 
find the Stars Altitude and Day of the Month, 

1. Elevate the globe for the latitude, fis the quadrant 
on the zenith, and bring it to the given azimuth. 

2. Bring the star to the edge of the quadrant, and set the 
index to the given hour ; the altitude of the star )yill then 
be found upon the quadrant. 

3. Turn the globe till the index point to noon ; and the 
day of the month answering to the degree of the ecliptic 
cut by the brass meridian, is the day required. . 

EXAMPLES. 

1. At London, 11 o'clock jo.?w., the azimuth of Spica 
•Virginis was observed to be S. 17° W. ; required its altitude 
and the day of the month. An9, May 11th; alt. 27**. 



2. A^ IiAQ^pn, 9 j9.»i., tbQ azimutli of a^ N. jSro^n, 
was S. 89^ 'S(^. ; what were t]xe alt and Hsy of ^l^e month ? 
Ans, Sept. 1st; alt. 38^ 

3. At Newcastle, 10 jo.w.jthe azimuth of Almaach (An- 
dromeda, y) was S. 84° E. ; required the alt. and day. 

4. At Jerusalem, 4 a.m.., the azimuth of Markab was S. 
71® W. ; what were the day and altitude ? 

5. At Jerusalem, at 4 a.m.^ the azimuth of Alderamin 
was N. 84° W. j required the day and altitude. 

6. At the Cape of Good Hope, at midnight, the azimuth 
of the star Fomalhaut was S. 73° E. ; required the day of 
iho iqonth and the altitude of the star. 

7. At Rome, 5 a,m.^ the azimuth of Capella wa& N. 60^ 
W. ; required the day and the altitude of the star. 

PROBLEM X. 

jT^ Jhid ^€ How of the Nighty hy ohzerving when 9>ny p0O 

Star9 have the same Azim^ih. 

1. Rectify the globe as in the preceding problems. 

2. Move the globe and the quadrant, till the quadrant 
feome over both stars ; the index will show the hour. 

It may be found when two stars have the same azimnth, by holding up a 
ioaall line, with apltimmet, between the eye and the stars ; or, by observ- 
ing lAwa. 9i^j two stars are in a line with the end of a bouse or wall, whidi 
iff )mo»^ to b? jpterpendicalar. 

Examples. — 1. May 11th, at London, Vega and Atair 
were observed to have the same azimuth ; what was the 
hour ? Ans, 2 hrs. 15 min. a.m. 

2. March 29th, Atair and Vega had the same azimuth at 
Stockholm ; required the hour. Am, 4 o'clock a.m. 

Required the hoiir at London when the following stars 
have the same azimuth on the annexed days. 

3. January 3, Algol and Aldebaran. 

4. February (J, Cor Caroli and Arcturus. 
5,- May 12, «, Cygnus, and «, Pegasus. 
G. November 15, Castor and Cor Hydrse. 
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7. Procyon and Sinus were observed to have the same 
azimutli at Rome, December 2nd ; what was the hour ? 

PROBLEM XI. 
To find the Rising^ Setting^ and Culminating of any Sitor,— 
itA Continuance above the Horizon, — its oblique Ascension 
and Descension, — and its eastern and western Amplitude 
for any given Day and Tlace, 

1. Rectify the globe as in the preceding problems. 

2. Bring the given star to the eastern horizon, and the 
index will show the hour of rising ; the degree of the equi^ 
noctial that rises with the star is its oblique ascension ; and 
the distance of the star from the east point of the horizon is 
its eastern or rising amplitude. 

3. When the star is brought to the meridian, the index 
will show the time of culminating. 

4. Bring the star to the western horizon, and its setting, 
oblique descension, and western amplitude, will be found 
in the same manner as its rising,^ eastern amplitude, and 
oblique ascension. 

5. The number of hours from rising to setting will be the 
time of its continuance above the horizon. 

Example. — Required the time when the following stars 
rise, come to the meridian, and set ; how long they continue 
above the horizon ; likewise their oblique ascension and 
descension, and their eastern and western amplitude, at the 
respective places and days. 

1. Sirius, at London, on March 14th. 

Am, Eises at 2h. 24m. jp.m. ; Culminates, 6h. 57m. jp.m. ; Sets^ llh. 
30m. j7.m. ;. Above the horizon, 9h. 6m. ; Oblique ascension, 120° 47'; 
Oblique descension, 77° 17'; Amplitude, 27° S. 

2. Fomalhaut, at the Cape of Good Hope, on Dec. 10th. 
^n«. Eises, lOh. a.m.; Culminates, 5h. 30m. jp.m. ; Sets, Ih. a.tii. ; 

Above the horizon, 15h. ; Oblique ascension, 317°; Oblique descension, 
6° ; Amplitude, 38° S. 

3. Achemar in Eridanus, at Otaheite, on June 4th. 

4. Arcturus, at Newcastle, on March 11th. 
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5. Rigel, at Jerusalem, on September 23rd. 
e. Menkar, a, Cetus, at Rome, on October 12tli. 
7- At nbat time does Atair rise, culminate, and set at 
Jamaica od June Otb ? 

PROBLEM XII. 
To represent the Face of llie Heavens for ani/ giocn Dai/ 
avd Hour, in any given Malilude. 
Bring tLe sun's place to the meridian, put the index to 
19, anil turn the globe to the given hour; the stars in the 
Leavens will appear in the same situations as tliey are upon 
the globe, but in an inverted order. 



1. Required the situation of the stars for the latitude of 
Newcastle, on October fith, at 8 p.m. 
^^^^be answer to this example conatitutea — 

I 



tVKY OP THE HEAVENS, 
■ tint ilai which itrikea the eye o( the obierver in the north-enal 
pnrt of the heaTem ii Capella, in the 
CDnslellation A uriga, at the Waggoner : 
it 19 3 beautiful itsr of tha Itt uugni- 
tude, of the atutade of 23°, or nearly 
the fourth part of the distance from 
horiion to Ibo MnJU. 







of the 



Sad nugniCnde, which form with Ca- 
pelJa a triangle ; the itar which forma 
ihe abort lidn of the triangle it in ibe 
right abanldcr of Auriga, and ii marked 
fi ; it lici at the diiumce of about 8" 
fmm Capella, lonber to (he north ; ill 
altitude ii 18°: the star (brming the 
longer aide of the triangle is in the 
right foot; it ii alio tituslly repre- 
Minted at forming the tips of the DaH'a 
northern born : ita diitance from Ca- 
pella ia more than 26°; its altitude 
id aumnlh N. E. The general grouping of the 
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(bin of thia conttallatjoa firmi a u^-aided figure, 41 lepiefe^Ud in tlie 
anneied fignra. 

The stBi Capella ia eaiilj diitinguiahed b; tbe ainle-opgled tiiaogla 
formed by tlirea ttan of ihe 4tli magnitude, a little to the wnth of 
Capella, that bear the name of the Xids. 

If ■ line he drawn throngh 
the two Btats that form the 
upper ai^e of tha tiiuigl9, vtd 
coqlinue4 to the horizon, it 
will point out Caator, a, in 
Qemini, juit riling; arimnth, 
E. N. E. : it is between the Ix 
and 3nd msgnitade. The othei 
■tan in thia conitellatiaii htTe 
not yet tiaen ; but vhen they 
we abOTS the horizoa they form 
a tolerablj! cost^ paralleti>- 



A line drawn belWMii Outoc 
and Capella, and continued higher 
in the heaTeoi, will point out 
Persetu, It may also be easily 
found by feting the eye to the 
leren itan, an^ noticing the 
eurved lij^e which tjie principal 
Blars in (be coni^Ua^on m^ 
from that point ^Igenib, in the 
breait of peruns, i< a Itsr of the 
2nd magnitude. In the sword 
handle of Pergeui ii a beauUful 
claater of itaiB, which a leletcope 
of moderate power will diaplar, 

A little to the south of Pnsena 
is the head of Mtduia, which 
PerBeus is holding in hia hand. 
The brightest star in it is Algol, 
which ia a variable Btat ; its alti- 
tude is 33°i azimuth, E. N. B. ; it 
i* only 1Q° diqtopt bsm Algenjb. 
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Directly below the head of Medusa, shout 14" above the horizon, are 
the Pleiada, or Seven Stars : they are aituated in ^e shoulder of 
Taurvi, and are ao eaaily known, that no deaeciption is neceasary. 
Aldebaran, a Blar of the lat mognitnde, which ibrms the eye of Taunu, 
is just riaiog ; azimuth E. U'. E. A vertical circle, drawn through Algol, 
wilt point to it. There are two atari of the 3rd magnitode, and several 
smaller, very near Aldcbaran, wl)ii;li lorm with it a triangle, or (b* letter 
T. The whole elqiter is called the Syadea. 



ixs:\ 





CiSSIOPBU. 



TADBUS. 

A line, drawn &om Aldeluno 
tbiongh Algol, and contlBned to fiw 
zenith, will direct to Cafiop'ia, tt 

the Zady ia At chair. This wntnins 
five Btvsof theSrd magnitude, heudea 
aeveral of the 4th : it is in form lom*- 
thing like the letter W, or, at tome 
think, an inverted chair, It it lita- 
atcd aboYB Peraena, within 80° of Oie 
zenith. The altitnde of the brightest 
«ar, a, called Schedii, is 60"; »n- 
muii,, B.N.E. 



Below Cawopeia, and ve«t of Peneua, is AndramtUa, which contain* 
three itais of the 2nd magnitude. A line horn Algenib, parallel to the 
horizou, toward the south, will paaa very near these three atars ; and a* 
thejareallof the Kunemasnilude,and placed nearly at the same distance 
tf IS° frota each other, they naj easily be known. The nave of the star 
WBieil Panens, and which it in the foot of Andromeda, nwked y, i* 
iUm*A I its iltitade is 49% MBMutb, E, N. B. IheBHMpf jliia tb* 
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ANDROMEDA. 




ABIBS. 

girdle, it TSiaub : its aldtnde if ; azimnth, E. The iltitnde ef ■, in 
the head of Attdrameda, is 46°; azimuth, E. S. B. The mnaricable 
nebula, of which a Agnre i» given (p. 2S9}, ii aliowii in ths annexed 
engraving, near the itar marked >. 

Abont 18° below Mirach am two stars in Aria, not more than 6° 
diitsnt from each other, forming with Mirach an isoacelea triangle : the 
eaatem Btar, «, ii of the 2nd magnitude ; the other, (3, of the 3rd, at- 
tended by a imaller alar, marked y, of the 4(h magnitude. A. line drawn 
from Hiraeh, perpendicular to (he horizon, will pass between the two, 
and, heiidea, will point to a star of the 2nd m^nitude, directi; B., not 
3° above the horizon. 

This star is the first of Cdm, marked m, and is i^ ths 2Dd magnitude ; 
it is named Henkar : a tine, drawn from Capella tbiongh tha Pleiadei, 
will olao point to it. CetUB ia a large conitellaliDn, and contains eight 
Itarsof the Sid ma^tnde; the; all lie to tho weat of Henkar; A, a 
alar in the tail, ia more than 40^ distant from it. The aiiaiiith of If 
S. E. by E,; altitude nearly the lame u that of Menkai. 

The conalelUtion Puca ia situated next to Aries; a number of 
email atari under the left arm of Andromeda forma the most northerlj 
fish, and an ellipte of stars below the wing of Fegaius (ai abown in tha 
figure of that constellation) conttitntei the other. '~ 
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]■ one Kit of the Sid magnitude, maiked a; iU altitude is 10°; 
Biimath, B. bj 8. : it i> diatint from Menkar 15°. A line draim from 
Almucli, tfarough a in Aries, will point to it. 

If we ntum again to a; in the head of AndroinedB, vie Bbntl tind 
three other stars nearei the meiidian, which, vith it, foim a very largo 
■ipMe : these itan ore in Pegaetu, and are placed ftt the distance of 15° 




PISCES. 



AQUAHIUS. 



a each other; they are all of ths 2nd tnagnitude. The two etars 
forming (he wuatem tide of tbc squnie lire called, the upper one 3chee.t, 
which ii marked ^, and which is in the tiiigh of P^aioi ; the under one, 
Hariub, which is marked i, and which is in the wing ; the lavreat atai 
in the eastern side of the equnre is in the tip of the wing, and is muked 
y. The altitude of Suheat i> G5°i azimuth, S. £. \ E. Altitude of 
Haikab, 43° ; ozimulh, S. B. by S. k E. 

A line drawn through y and ^ (the diagnnal in the aqonre of Pvgaiui), 
aind continued to the meridian, will point out C-ij/nm, a remarkable con- 
■IcUation, in the futm of a. largo cross. In which there is a ilar of the 
2nd magnitude, named Deneb, or Arided ; it ia marked a, and is ahnoat 
~j npon the meridian, ftt the altitude of 60°. Oygaui conbuni six 



c 
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Blara of the 3rd magnitude, one of (hem AlU'no, or ?, b tha beak, i 

heuutitul douhle star. 







ible 11 

bctwceu CfgsDi and the 
noith pole. It U eaailf 
found b}^ observing that 
hi» left foot i« eloBB upon 
the pole itar and diisctiDg 
the e;e in March of three 
BtaiB of the 4th magnitude 
wLich ore in hii head. 
Tbiee othen of the Bifl 
mt^tude, one in hit right 
ihaulder, one in hiK OSt, 
and another id llH ]«tt 
knee, form an tn of h kinjfe, 
'Of which a tUr of db 
4th nu^itode In hii left 
thonlder ia the ceUtre. 



Below PegawB, and nearer the meridian, ii Apiani.., ^ 

Btilrt of tlie Sid DUgnitudd. A line, dravn ftoia ■ in AndromsAa, uiroa^h 
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Xukab, w31 point to s in Aqvoriiu. lU alUtude U S2°; azimuth, 
8. 6. B. Ttis yMBg Itudent in eeudk of Aquarius vSi do well to 
Mtacb fbc tilt Ibur Man wbicb fbnn the watec-pat, and which aie 
amfagel oi nqicMented in titb di^wing. 

A brigbt Mu of the 1st mlgaitud^ uamad Fomalbaut, in Piicii 
jlbtritfti*, fi then apoD the honion; adbluth, 6.3.E. 

DelplaMa il a imall coiutellation, ilcwtej abont 30° below Cygnus, 
nplm the meridian : it contain! fire etdn Df tile Srd magnitade ; lour of 
tiioa an placed dbie logtl^M, and f^ tiie igait of a ibombus, or 
Ibtehgc. A lire, 
dtawa throng ttik 
two mider atari of 
the square, will 
point to it : ita alti- 
tude i» about 50°. 
A little to the 
w««t of 'Delpbinui, 
but Dot quite so 
high, is A^il^t 
DELFHINUS. AQGILA, conliuning one Terj 

bright War, of the Ist magnilude, named Atair; it may very easily be 
known from haling a star on each aids of it, of the 3rd mBgnitnde, 
fonnuiga ibaightline : the length of the line is only about 6": altitude 
of Atair, 40°; azimuth, S. S. W. 

Considerably aboTe Atair, and a little to the west of Cygnas, is Lyra, 
containing a star of the let magnitnde, one of the most brilliant in tile 
finnamenl. It is called Lyra, or Vega, and is 35° to the north-west of 
Atair: altitudo, 60°; azimuth, W-B-W. Lyra, Atair, and Arided, 
Ibnn a large triangle. 

'We come now to notice three coosteltatioDs which occupy a consi- 
derable spB« in the western side of the bcaYeoi : these are Hercula, 
inunediM^y belon Lyra ; StTpaitari-ia, between Hercules and the bori- 
lon, eitrtiding a little more towardi the south; tuABoiUi, reaching 
fimn tie horizon W. S. W. lo the aldtade of H". 

Hercules is rather a dilGcnlC conit^tion for the beginner te nldtb out. 
It is best to seek first for n StU in his right foot, which, with three 
others ia the bead of the DiAgon, fbnn a lozenge- shaped figure not 
easily mistaken. When this star is once detected, the orrHngemenC of 
the other stars, ai indicated in the anncied drawing, msy be made out. 
It conuins eight stars of the Srd tna^itude : the star in the head, a, 
named Bas Al'gethi, is wiihin 5° of b in the bead uf Serpentarius. This 
last is a star of the 2nd magnitude) and is named Bas Alhogue; its alti- 
tude is 30°; azimutii, 8. W. By W. 1 W. A line drawn from Lyra, per- 
peBdlnlartoUwhomoni w31 t'^b^^'''<*i^'i^''^^v^**''>^ '^x.tiQbRt. 
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■tan in HumiIm ex- 
tend towudathe iraiitb, 
and thoM in Scrpenti' 
rim tomrdi the hni- 



Tha I 



kaUa 



clnilet of Man fignnd 
in p. 269 ii ritnated 
midwB; between Z *^ 
n Henalei, u ihown in 
the eat. Of this magni- 
ficent cluiter Prafeuor 
Nicbol lemBTki, it ia 
impDuible to gire a 
fitting repTetentatioa. 
Ferbap* no one erer 
•aw it for the fint time, 
throngb a laige tde- 
Kope, without nttning 
a ibont of wonder. 



The conitellation BoSta iiiny eagilj be Icddwd from the brilliancy of 
Aicturus, a itar of the lit magnitude, and sapposed to be the neareit 
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iriJKtemof any in iha northern hemiaphere ; it is within 10" of the 
horiion ; Hiiranth, W. N. W. Boolea niao contains seven Btan of the 
Srd magnitude, mostlf Eitualed higher in the hmvens than Arctium. 
The liar inunediatel; nbovo Arctnms is called Mpien Mirai^h, and U 
marked i; it la a hcautiful double stir of diilerent colours. The star in 
the left ihonlder, ), named Seginus, famii, with Mimch and Arcturus, a 
lllaight line. 

the 2nd, and eight of the 3rd magnitude : ■ in Serpeni is nearly at the 
nine distance from the honion as Arvlorui ; atimuth, W. 

Above Serpens, and a little to the east of Bootes, ia the NortlLcra 
Ctokh, containing one ilar of the 2nd magnitude, named Gemma, and 
UTeral of the Srd, vhich have ths appearance of a Eemicircle. A line 
dtawn from Lyra to Arcturus will pass through this conalellatinu. 

Ve come now U> Una Major, a conalellation conlaming one star oC 

C, three of the 2nd, and three of the Srd mt^tnde. It may easily 




UBSA MAJOa. 
be distinguished by these seven stars, which, from their resemblance to a 
vaggon, are called Charles's Wain. The four stars in the form of a long 
■quare are llie four wheels of the waggon ; the three stars in the liul of 
(he Bear are the three horses, which appear filed w one of the wheels. 
The two hind wheels (■, named Dubhe, and (3) are called the puiKlgri, 
torn their always pointing nearly to the north pole : hence the pole itai 
nay be known. The other prominent stars in the Bear will be mode 
eat with tolerable ease by a reference to the engraving. The altitude 
G is 30° i Biimulb, S. by W. 4 W. ; the diatonee between (tig 
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two pointefi ife $°i the diitiiiM tetWMli the ^ Hsr «iA IKUi^ thi 
vfipek pointer, is 80®*. 

CTrM Minor, he«det tii8 
ttei^ of the filii4 aagHii 
tttdOi eitoetbd ia the tBfl^ tas- 
taiile three of the M« and 
three of the 4th MlgBitlidit 
These linrm a figiwe hating 
seme lOsemUsnee to Oharies'l 
Wab, and ttaj Witty he 
traced. 
tJltSA MIKOB. 

Draco, containing fonr start of the Slid> and seten ftf the Sri riMgni* 
tude, spreeds itself in the heayens near tJrsa Minor; the fbdr stais ia the 
head ere in the fertn of a rhombus^ et loseagej the taii is het^Mn the 
j^le star and Charles's Wain« 

Besides these constellations there are a number of others, which, as 
they contain no reikiarfcable stars, have not been described : an ennmer- 
ation of these will suffice. 

The Lyn^ between Ursa Major and Auriga; Cameitjmnhiut, be- 
tween Una MsjO^ and Cassiopeia; Musca, and th^ OnxUer fuA Less 
Trianffla-, betwOta Aries and Perseus ; EquuUtt, close to the head of 
Pegasus; Sagittcarius, setting in the S.W*; AlUinoUs, and SobieshCs 
Shield, below Aquila; the Fox and the QocHi^ between Aquila and 
Cjgnns; the Bre^fh^mviM^ Chairleis EeaH, mA Berenice's Hair, be- 
tween Bootes attd tJrsa Major; and Xeo Mim^^ below TJrsa Major. 

The time of any star's passing the inslEidiitt on any day is four minutes 
earlier than it was on the preceding day ; )off iiiaking that allowance, the 
above view of the heavens will answer for September 6th, about 10 
o'clock ; September 21st, about 9 o'clock ; or October 21st, about 7 o'clock 
in the eveniog. 

2. Point out the situation of Uie stars, for the latitude of 

Newcastle, on January 1st, at 8 o'clock in the evening. 

* The young zoologist may object to the leikgth of the taH ef iMm tiom* 
stellation^ as well as of Ursa Minor. The following eoUoqiiy, ftom s 
writer of the 16th centiiry, will amuse if it do not iiistract hfan %^ 

^ Scholar. I marvel why, seeing She (Ursa Major) hAth the feme <tf 
a beare, her taile should be so long. — Master, Imagine tbit Japitef* 
fearing to come too nigh unto her teeth, layde oh her tayle) and thereby 
drewe her up hito the heaven, so that shee Of henelfb being very weightie, 
and the distance finnn the earth tO the heaTens Tery gt<tet, them way 
^reat like^pod thut her taile mtut stretch.^' 



BURVBY OP THE HEAVENS. 




BeUon. In addition to 
mui J of iboBD CDsatelta- 
tians already ieictibeS, 
OrioD and ihc Qrcat aod 
LittlaDDgbeipODglethe 
nky. Orion ia eaaij 
tinown bj the ihreo ilara 
in his bdt and the three 
in hia sword. The 
brightett nebula in the 
buiveni is liluated on 
the middle eUt b( the 
8«ord. The elara fietel- 
giieie, n, and Dellattil, 
7, point in a manner 
nearly diroi^t to the 
bright alar TrBcJon in 
the Little Dog, and the 
three in bis bell point to 
Sirini in the Onit Dng, 
the mon brilliant of all 
thealara. The constel- 
lation of the HiLTe is 
beneath tbe feet of 



OBION. 

3, Bcquiccd the eJtuation of tho Etors at Newcttstle, 

Marulk 21st, at 9 iu tbe eveuing. 

The ccutellalion Leo Major la 
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head and lore quarters are indicated by a group of stars in the him of a 
reaping hook^ the brightest of them is Begolos^ « ; a right-angled triangle 
marks his hind quarters ; the bright star in the tail is Denebola. 

4. What are the principal constellations which will be 
above the horizon of Edinburgh, on May Ist, at 10 o'clock 
in the evening ? 

PROBLEM XIII. 

To find what Stars never rise^ or never setj to any pkux. 

By the Globe. — 1. Elevate for the latitude. 

2. Hold a pencil at the north point of the horizon, and 
by turning the globe round, draw a circle; then all the 
stars between it and the elevated pole never set 

3. Hold a pencil at the south point of the horizon, and 
draw a circle as before; then all the stars between that 
place and the depressed pole never rise. 

4. If the place has S. latitude, to find those stars that 
never set, hold the pencil at the south point of the horizon ; 
and for those that never rise, at the N. point. 

Without the Globe. — 1. Subtract the latitude of the 
place from 90°, and the remainder is the co-latitude. 

2. If the declination of the star is greater than this, and 
of the same name, it will never set ; if it be greater, and of 
a contrary name, it will never rise. 

EXAMPLES. 

1. What constellations never set at Newcastle, and what 
principal stars are always visible there ? 

Ans. Constellations — Ursa Major, part of Auriga, Perseus, part of 
Andromeda, Cassiopeia, Oepheus, €ygnus, Lyra, Draco, part of Hercules, 
Ursa Minor, part of Bootes. 

Stars — Lyra, Arided, Alderamin, Almaach, Algol, Capella, Dnbhe, 
Alioth, Benetnasch. 

2. What constellations never rise to Newcastle? 

Ans. Fhcenix, Eridanus, Horologium, Oela Frazitelis, Equuleus Pic- 
torius. Dorado, Argo Navis, Piscis Yolans, Oentanrus, Crux, Chameleon, 
Lupus, Norma, Indus, Triangulum Australe, Aia, Telescopipm, Pavo, 
Orus. 
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3. Are there any stars which never set at Jamaica t 

Am, Urea Minor, part of Cepteua, part of Cflmelopardalua. 

4. Are there any stars that nuver risu at Otaheite ? 
Ani. The same liint naver set at Jamaica. 

5. How far N. must I go never to lose sight of Aiv- 

6. How far south of the equatflr must those people live 
who never see any part of tho Great Bear ? 

7. In what latitude must I he never to see Lyra ? 

8. Where must I be never to see Sirius ! 

9. Whither must I go never to lose sight of Sirius ? 

QHESIIOKS roa EXAMINATION IN SEOTION I. 
What IB the celeBtia] glohe? What ia the tnlar syitem} What are 
the fixed Btorel What ii a consUllationl What we the primary 
planets! Whit are utellitea! What arc comets 1 

What are (he celestial poles] What ii the eqainoctiall What ara 
patallels of declination ) What are celestial meridiam 1 

What are the declination and riglit ascenaion of a heavenlj' body f 
What a obtiqne SKenuon and aiuenBional difference ? What are right 
and obliqae deacensian, and deacenuonal dlflerence 1 

What are the latitude and longitude of a celestial body] What are 
paraUela of celestial latitude, and circles of celestial longitude 1 

What is meant by tho cnlniinitting of any celestial object ! What is 
tlw osiilnutb of a hearenly body 1 What is amplilndo ! 

What is the xodiocl How many degrees is it broadl Into boiv 
nuny Ngns, or coDBtellatioHS, is it divided ? 

What ii meant by altitude and zenith distanced What is the orbit of 
a plauell When is a body in conjunction with the inn, and when is it 
in opposition] What is meant by oecullation ? 

What is meant by tbe geocentric and helioeentric place of a planet ] 
How are stars classified ] What is the lowest magnilado lisible to 
the naked eye I 

How moiny can be seen at any one time 1 

What ia the milky vayl What is the supposed diatancc of the 
nearest fixed star! What is tho Telocity of light! How long would a 
ny of light he in passing Irom the nearest star Ui the earth 'i At what 
rate does a ball fired from the mouth of a caimon mo»e, and hew long 
would it he in passing from the earth to the nearest atar 1 
Are the eCbtb all placed in the same concsre hemisphere, at the aame 
• from the earth? What is meant by a temporarjr atari Who 
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observed the ejurliest on re^rdl Whfn did t)ie latt isflpiypMbl^ one 
appear? When may it possibly reappear) What is nymarkgble about 
the star Algoll Name another yariable star. What is fk dou))le «tar? 
Name one. What is the distinction between Innary and doQf>Ie stars 1 
What are nebulae 1 Name one of the most remarkable of the resolvable 
nebulse. What does the Eodiaoal light ooniiit of 1 Whaie li it seen in 
the evening ? 

What is it that oceans the apparent s^otion of the Ktnri &aps eMt to 
west? How do the starp rise and set at th^ equator? YfW^ fitar 
appears always stationary? 

How are the r. as. and dec. of any star found ! From what point on 
the globe is the right ascension reckoned 1 How Is a itavfoond from 
having its r. as, and dec. given f How aro tiiQ lai and kag. of a star 
found ? The day of the month being given^ how is it found at what 
hour any star ecnnef to the meridian? How Is it found on what day of 
the year any star passes the meridian at any givan hour 1 Hdw ara the 
altitude and asi^uth 9f any ftar iom^'i ^m having tka aaimitth of 
any star and day of tha moiith givan* how iio the iltitoda of the atar 
and the hour of the night in a given latitnda found I Ihaox having the 
alt of a star, the day of tho month* and latt giv«i« haw ava tha ai. and 
time of 1&« night found ? Having the aa. lal. and hour giva^, ham are 
the alt of the ptar and day of tho month found 1 

How is the hour of the night found by Qbiarviag whan any twa slaia 
have tha samo aaimuth ? How ara tha rishig, latting^ and odadnating 
of any star found ? How ara tha obligue aiaeniion and duaansiea tend t 
How are the eaiteni and woftom ampUtudo 1 

How may the globe ba mada to rapre«ent the foaa of tha haavana^ Car 
any given day and hour^ in a given hititudo? How la it loinnd what 
stars never rise, and what stars nevtf set, to any place t 

Point out upon the globe all tha stars of tha fomt magnitude* 

Whioh conatellations in tho heavenp i^oar tha most bfilUantt 

QUESTIONS FOB EXEROISS IN SECTION I, 

1. Required the right ascension and dedinatien of Alphavd^ Banet- 
nasch, Antares, Oanopus, Acubens, and their latitude and longitude f 

2. At what hours do Algol, Bubhe, Areturus, Pollux, Bellatrix, 
Sirius, Ci^ella, appear on the meridian of London, March 24th? 

8. At what hours do they appear on September 25th t 

4. When does Begulus come to the meridian on Jan. lot, Maroh lOth, 
June 14th, Sept 25th, Oct. 25th? and Nov. 5th? 

5. What is the right ascension of /I, in Auriga? 

6. Whatistherightasoensionof/i, intheNarthamSealel 

7. On what day* will the fidlowing atars be npon tha meridian at 
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htt—tOtpetliijAldebanui, Ballatrix, Arctunit, Fomilhint, Fleindcg, 
Vega, and Auiicl 

8. On viist days do ihef cnmo to (he meridian at 4 a. m, t 
S. On jBitaar7 lit, when it ii SJ p. n, at London, whnt are the alti- 
tude and aiimuth of the following alua :— Algol, Tleiadi's, Menkar, 
Aldetaraa, Siiim, Procjon, TauruB, P; Cspellii, Len, y; CesBiopeia, » 
Cfgnm, ■ ; Vega, and Draco, n \ 

10. What are the all. and ai. of Cygnua, «, CorruB, i; Regulm, 
Cancel, s; Fiocyon, Dublie, Ferseus, a; and CapelJa, nt Loadon, Jtfay 
Irt, atlOp.m.1 

11. On Octobflp Bih, the ttilmuth of Menkw, at Sswea»lle, mu B. 
E2' K; required the hour and (he allitnde. 

12- At London, on December Slst, the azimuth of Coi Hydcce was 
6. 14" W. i raquired the hour and the altitude. 

13. At the Cape of Qood Hope, on June 21st, tlie niimuth of Bpica 
TIrginia wqb N. 39° W. ; reijuired the hour and tbc altitude. 

14. On Auguit 0th, the altitude of Fhtenii, », at Jenualem, VH 
11° ; (cquited the hour and the azimuth. 

15. At Quito, 00 March 22iid, the altimde of Caoopui (Argo, <•) wu 
21°; what was the hour J 

1 S. What wai the hour at Loudoa, on Seplember lat, when the alti- 
tude df Aridcd wai 8D°1 

IT. Tho luimuth of the lirighteit of the Fleiadci, at Hewcajtls, wot 
8. 8B{° £. when it ivai 10 in the evsabg ,- what waa the day of tiie 
mantb, and what nai the altitude of the atai ) 

IB, At fioBton, D. 8., the aiimuth of Rigel wai S. E. bj- G., T° S., 
ftt B im. 1 min, p. ni, ; required the day of tho month. 

IB. What time does Dubhoaet at Nawcaatle on February 28thl 

£0. When it wai fi in the morning at Eome, the aximuth of Capclla 
WM H. 60° W. ; what wa< the day of the month 1 

21. Qlie ths riBing, aetliug, and culminating of Caitor; Sirioa; 
Corona Borealis, s; Arctnnii; and Fiocyonj at LondoD, Jan. Blit, 

22. Uow long ii Siriui abote the horiion at Feteraburg ) 

S3, At what time doca Achemar ciie at York on Sepleuiber 2ad1 
24. What ia tba time of riiing, aetting, and culminauug of Algenib, 

Menkar, Vega, and Cor Hydra, at St, Helena, Oct. Sth i 
35. What ■tari of the iirat and aecurid magnitude! are above the hori- 

Wn at London, on January lat, at o'clock iu the evening ! 

2G. Quired the utuatioa of the ataca at York, un May lat, when it 

it midnight ) 
ST. What contteilaliont never ut, and what never rise, at nomel 
S8, What itttn ncTu riK, BUd wtul neier Kt| at the nortli fcU ) 
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29. Are there any stars which never appear above the horizon at the 
equator 

30. Where must I be never to see Menkarl 

31. Where must I be never to lose sight of Aldebaran? 



SECTION II. 



OP THE SUN. 

The sun is the centre of the solar system, all the planets 

moving round it at different distances, and in different 

periods. 

The ancients conceived that the earth was at rest, and that the snn^ 
moon, planets, and stars all moved round it Such is the equable motion 
of the earth that we have great difficulty in supposing that it is not only 
revolving on its axis, but is rolling rapidly in its path round the sun. 
But how much more probable is it that this little globe revolves once in 
the twenty-four hours upon its axis, than that the sun and fixed stars, all 
vastly greater than the earth, and at an enormous and very different dis- 
tances from it, complete a revolution round it in that period. The an* 
dents noticed that the sun was continually shifting his place among the 
fixed stars, and that whilst he made only 365 revolutions round the earth, 
the stars had made 866. To account for these ^ts, they supposed that 
whilst the sun is carried round the earth by the general motion of the 
•tarry sphere, he has a sphere of his own which travels in the contrary 
direction, and makes one revolution round the earth in a year. They 
are as satis&ctorily and much more simply accounted for upon the snp^ 
position that the earth has an annual course round the sun. In order 
to account for the apparently capricious motions of the planets, the 
ancients devised a complex system of independent spheres, the me* 
chanism of which it was difficult to comprehend. Upon the Gopemican 
theory, which supposes the sun to be the centre of the solar system, and 
the earth to have a double motion, all is plain and easy. Tycho Brahe, 
an able and very useful astronomer, unable to resist the truth of the 
theory of Copernicus, and yet unable to throw off entirely the prejudices 
of centuries, invented another system. He admitted that the sun was 
the centre round which all the planets, except the earth, revolved, but 
that the sun, with all his followers, revolved round the earth as the 
centre of the whole. This theory obtained few followers. The sun, 
though very nearly, is not exactly the centre of the solar system, the 
real centre being a point which is the common centre of gravity of the 
sun and the other bodies which compose the system. Owing, however. 




to the inutMiue qiuntitr of matter cantaiaed in ihe san, this point ig 
almost identical with the sun's centre. 

The figure of the sun is nearly globular, and its diameter 
is equal to 111 times that of the earth, being about S83,000 
miles: beitce its surface is 12,300 times, and its bulk, or 
solid content, 1,380,000 times that of the eartb. The sun 
is composed of lighter materials than the earth, an equal 
bulk of the sun's substance possessing less tban a quarter 
of the density of that of the earth ; notwithstanding this, its 
gigantic dimensions ^ve it a force of gravity twcnty-aeven 
times greater tban the eartb. It is the attraction of the sun 
thatretttina the planets in their orbits, and to it they are in- 
debted for light, heat, and motion. The sun is not abso- 
lutely at rest; it probably baa a motion of its own througb 
space ; and it is found, by the spots on its surface, to turn 
round on its axis from west to east in about twenty-five 
days. The mean distance of the sun from the earth is 
95,000,000 miles. 

The sun agrees with the fixed stars iu the property of 
emitting light continually; and it is not improbable that 
they have many other properties in common. The sun is, 
therefore, considered as a fised star comparatively near us, 
and the stars as suns at immense distances. 



From being tlie source of light and beat, the sun viai long mpposeJ 
to be a body of fire ; but Sir VI. ncraclel anppoaed that tho body of the 
lun ii an opaqnD habitable planet, earroiuidcd by a double atmosphere, 
the Dulec being Inminous, diffudiLg light and heat through the whale 
system ; the inner, a cloudy stratum prelecting the body of the nm from 
Ihe Leat of the luminous one. The Imuinaus atmospbere, being at timei 
intercepted and broken, gives us a view ot the diu'k one beneath (the 
penumbra), and of the body of the sun. 

The spots oa the sua are iaterciting telcBCOpiu objects, and large ones 
may he seca by instruments of moderate powei, the eye of the observer 
b«ng protected by coloured glaiBes. The spots coneist of a perfectly 
dark central part, inrrDunded with U kind of border, less completely 
dark, caUud a penuniiia. Their general appearance is represented in 
itte cut illustiuting lohs edipgeg. They am irregular in elmpe and 
E 3 
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When watched from day to day |]^y itPHf <# )>* f^^M l9 ?iMw^ 
agitation ; they enlarge and pontiact, break up intp t^^o or mqre^ dvinge 
tneir forma, disappei^^ altogether, or new pnes appear. They hardly 
ever last longer than six weeks. The neighbourhood of great fpotfi and 
^e pIao«s where spoto frequendy afterwards bceak out, aM gfiunUjr 
f^fwei to be /bov«?4 jritk fl^fmfAf mHl^ <V?ed tp b p | iw >»i*g 
streaks more IimnoT?« tjia^ (he r^l, c^^d fifiQvfy^, Tk^ {^ {verbfq^ 
th|e ridges of iq^nense waves ii| th^ li^minqi^f l^giopn of th^ fim a f^9r 
sphere indic^^ve of yiolent agitation in t|iejr neiffJibourhoQd. 

The annual revolution of the earth produces thq apparent 

motion of the sun amoi^g the stars in t%^ ecliptiq, b^ wbldi 

he describes his apnual p^th. This prpduces a dail^ chf^i|;e 

in right ascension and declination. The sup's aippliti^dfi 

and azimuth vary, both with the dt^y of tbQ mpnth and th^ 

latitude of the place. 

^he amplitude ig always of the s^e name i^th the declination : the 
greatest amplitude north is when the sun is Ui the north tPpic ; ai^d 
south, when he is in the south tropic. Places that have the greatest 
latitude (not greater than 66{°) have the greatest vaiiatien ola«i^Hti|de; 
places at the eqnator hi^vt the least vamtion. 



PROBLEM XIV. 

To find the Sun's Right Ascension and Ihdinattdn, 

Bring the sun*s place to the brptsQ meridiap ; the degpee 
over it phows the declipation, ^n4 th^ de|p'c»Q pf t|iQ fqwir 
noctial under the meridian pho\ys i\^ rigbli Mc^nsipa^ 

£xAMPLSs.-!-Bequired the sim'a right asprasioa apd df* 
clination for the following days. 

BIGHT AS0BN8I0K. BBCOilVAnair. 

In degrees. In time. 

1. Jan. 1. 282** 22' 18 h. 17 m. ?1** 59' S. ) j 

2. Feb. 10. 324, 2? 31 37 U IQ §, j n. 
t M»rch ?2. 4. M»y 13, ^. Jupq 88. 

6. Aiigust 10. 7. September 22. 8» December 21. 
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PROBLEM XV. 

To find ike Sun's Oblique Ascension^ Ascensional DiJ- 
fir^<»i IlwAm9t Af^flitudSy and Time qf Rising:, «n any 
ginm 4^> at Hnsf ^ven plaee. 

1. Elevate tbe globe for tlie latitude, bring tbe sun's 
plooe to ijkp nfkfitiiiaiDy ^nd .«pt tbo indpK to 12. 

2. Bring tbe sun's place to tbe easjiepn uiie of tbe hofitf^n^ 
and the dejpp9 of jtljp ^(juiooptiaj »ow at tbe bojri^PB i§ the 
89q'9 oUlqva aspensipo, 

B» The right aseension being found by the last problem, 
Ibe ^fferenee between it and tbe oblique ascension wi)i be 
tl)e ascensional difference. 

jff The number of degr.eeiB on the horizon, intercepted 
between tbe east point and tbe sun's place, is the et^stern or 
rising amplitude. 

5t T}ie hour shown by the index, when \]i9 sun is at the 

horizon, is tbe time of its rising. 

. Fii4^ t]ie aaceiiBiopal di&renco, tl^ tim0 of the (uh's rUjny mi^ be 
fimnd without the globe thii« : — If the sun's declination and the latitude 
of the place be of the same name, the ascensional difference, reduced to 
^UBAy aad (mbtracted horn nx o'clock, will give the time of the son's 
rising. If thA d«pliia^on and latitude be of diffisre&t namet, the 
MQUPfiooAl differw/cp niDSt l)e added to six. 

EXAMPLES. 

. 1. Required tke sun's oblique ascension, aseensional dif- 
ference, eastern amplitude, and time of rising, at London, 
May 1st. Ans, Ob. as., 19°; As. diff., 19° 48'; E. amp. 
25° N. ; "Rising, 4 b. 40 m. 

.2. ThQ s^me for Gibraltar, l^ov. 2$tb. 4n§, Ob. iw., 
25r 7'; As. diff., 15° 41'; E. amp., 26° 9' S.; Rising, 
7 h. 4 m. 

S. Var Halifax (America), Dec. 25 tb. Ans. Ob. as. 
«(K)°j As. diff. 25° 38'; E. amp., 34° S.; Rising, 7 b. 45 m. 

4. Required the same for Hanover, June 4th. 

5. Required the same for Newcastle, July 29tb. 

6. Required the same fbr Petersburg) Juut %\^. 
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PROBLEM XVI. 

To find the Sun's Obliqtie Deseensionj Deseensional Dif- 
ference^ Western Amplitude^ and Time of Setting ^ on any 
given day^ at any given place. 

Proceed as in the last problem, only bring the sun's place 
to the western horizon. 

The 8an*s setting may be found from the descensional difference. 

If the declination and latitude be of the same name, the descensional 
differaice, added to six o'clock, will give the time of the sun's setting ; 
if they be of different names, the descensional difference, subtracted from 
six o'clock, will give the time of the sun's setting. 

The sun's ascensional and descensional difference, as found by the 
globe, being equal to each other, either of them may be used in finding 
the rising and setting of the sun. 

Examples. — Required the sun's oblique descension, de- 
scensional difference, western amplitude, and time of seating 
at the following times and places : — 

1. C. Good Hope, July 19th. Ans. Ob. des. 103** 44'. 
Des. difF. 15° 8'. W. amp., 25° 32'. Setting, 5 h. 

2. Quebec, May 15. Ans. Ob. des., 74°, Des. diff., 
21° 39'. W. amp., 28° N. Setting, 7 hrs. 23 m. 

3. Alexandria, Jan. 21st. 4. Konigsberg, Aug. 12th. 
5. Liverpool, May 14th. 6. Washington, Dec. 21st. 
7. Archangel, June 21st. 8. Edinburgh, Jan. . 1st. 
9 Malta, June 9th. 

PROBLEM XVII- 

The Latitude^ Hour of the Day^ and Day of the Month being 
given^ to find the Suns Altitude and Azimuth. 

This problem is the same as Problem VI., page 275, 
only the quadrant of altitude must be brought over the 
sun's place, instead of being brought over the star. 

Examples. — Required the sun's altitude and azimuth at 
the following places and times :— 
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h. m. Altitude. AzimtUh. 

1. Lisbon, May 18, 7 30 a.m. 30° N. 88° E. 

2. Madrid, April 15, 10 a.m. 50 S. 47 E. 

3. Jerosalem, Feb. 22, 8 45 a.m. 

4. Bombay, March 20, 9 30 a.m. 

5. Canton, March 10, 8 a.m. 

6. Ditto, ' 4 p.m. 

7. Tongataboo, Sept. 23, 4 p.m. 

8. Oonalashka, June 21, 7 Ojt7.9n. 

9. London, May 1, 10 a.m. 
10. Rome, March 10, 9 10 a.m. 

PROBLEM XVIII. 

The Day of the Month and the Sun's Azimuth being given^ 
to find the Suns Altitude and the Hour of the Day. 

See Problem VII., page 276. 

To all places in tlie torrid zone, when the gan*s declination is greater 
than the latitude, and of the same name with it, the san has the same 
azimuth twice in the forenoon, and twice in the afternoon; and the 
examples in that case admit of two answers. 

Examples. — 1. At Gibraltar, on November 25th, the 
san's azimuth was observed to be 50° from the south to- 
wards the east; what was the time ? Ans., 8| a.m. 

2. At Madras, the sun's azimuth was observed to be N. 
70° E. in the morning of June 15th; required the time. 

Ans. 24 min. past 7, or 52 min. past 8. 

Having the sun's azimuth at the following places and 
days, required the hour and the sun*s altitude. 



3. Tobolsk, 


July 1, 


S. 


62° 


W. 


4. Astracan, 


Sept. 1, 


S. 


43 


W. 


5. Cairo, 


Dec. 1, 


s. 


56 


W. 


6. Paris. 


Nov. 5, 


s. 


30 


W. 


7. London, 


May 1, 


s. 


44| 


E. 


8. Petersburg, 


July 27, 


s. 


70 


E. 


9. Lima, 


May 2, 


N. 


55 


W. 


10.. London, 


Jane 21, 


S. 


67 


E. 



no 



PROmSlM XIX- 

The Bun's AUiiudCy Day of Months and Latitude ef the place 
being given^ to find the Sun's Azimuth and Bour ^f the 
Day. 

Se^ PrQblem VIII., page 277» 

Tl)f dWi liayiog the same altitude twi^ \j^ the ^, \% laMjiM ^e ]c|iown 
whetluB]? th^ time be in the moming or i^ji tl^e eyenjpg. 

ExAMPLES.^^l. At Newcastle, May 15tb, p,m.^ the 
sun's alt. WAS 25°; required the hour and the sub's aeimuth. 

Ans, 5 p,m,; azimuth, N. 88° W. 

2. At Botany Bay, on April SUrd, the sun's altitude in 
tbp mQroiDg wft§ p})s§rye4 tp b^ 25°; feq»irod Ai^ hp^ 
and tlje WKijftutb, 4ns. J before 9 ; f zij^H^h, N. 55° ]?. 

Having the sun's altitude on the undermen(ion^ d^j^s, 
required the hour and the sun's azimuth at — 

AltUv4€. 



3, Madras, 

4. Cape Horn, 
. 5, Pe^sbttfg, 
?, Sat^vift, 
7. Lo^dgp, 
i9. gtpclsbolm, 
9. Coi?s|»,QtipopI^, 
10. North Cape, 



Junp 21, 

(July J5, 
March 1, 

Apg^s!^ ?J, 
July 7, 

Pec. 7, 
JunQ gl, 

PROBLEM XX. 



ly^prnjpg Ip* 

j;?enipg 50 

MPWPg 2? 

Eyeftipg *§ 

Monuw^ 36 

Morping li2 

Mpyijing 18 

i°38' 



The Latitude^ the Sufi's Altitude md Azimuf^ b^nf given^ 
find the Day oftf^ Months and the Hour of the Day, 

1. Elevate the globe for the latitude, fix the quadrant 
upon the zenith, and bring it to the given azimuth. 

2. Turn the globe about, and that degree of the ecliptic 
-which cuts the quadrant at the given altitade will be the 
sun's place,— from which find the day of the month. 

3. Keeping the quadrant in the same pontloB, tani the 



CKLEaTIAL GLOBE — PROB. XX. Ill 

« tiJi the sun's place come to the meridian, and set the 
index to IS ; then bring t)ie sun's place again to the quaJ~ 
rant, and the index will eliow the hour. 



1. The sun was observed, in the Rummer Benson, to he 
83° high, when its azimuth was S. 70° E. at Petersburg; 
required the day and hour. Ana, July 37) 8 h. H m. a.m- 

3. The sun at Lima, being iB" high, wlieu its &Kiinuch 
■was N. 50° W, ; required the day and hour. Am. Mav 
2, or Aug. 10, at 2 h. 33 m. p.m. 

3. At London, the altitude being 17° high, when the 
azimuth was S. 17'' E.; name the day and the hour, 

4. At the Peleiv Islands, the sun being in the descending 
signs, itB altitude was found to be 3T, when its naimuth 
WM S. 54° W, ; required the day and hour. 

5. At Owhyhee, the sun's altitude was 27°, when its 
azimuth was S- 74° W, ; required the day and the hour. 

e. At London, the sun's ollituJo was 4G° 31', when its 
aEimuth was S, H^" £). ; required the tiiaft. 

QQESTIONS POH EXAUINATION IN SECTION II. 
What is the diamctct of the sun) What a ill bulk lompwed with 
the euth 1 What ii the power of giBiilalion at iU lurihce ) What ia 
It that retains the plnactB ju their orbits J It tho sun abMliUely at real 1 
What b iU dialBoca from the cuth ) What li Sir Williaiu Hetichtri cpl- 
uion with respect to the sun 1 Dearnhc iba general appearance of the 
ipvb en ill lurlace. What i« the p«numbn guppoted tt> be I 
What produces the apparent motioD nf the bud uaDng the Man ) 
JIow tre tba tun') rijiht aaceniion and deciinUian fnund for any day 1 
How are ike lun's ohliqac ucbdmoh, aiceniiaDai dilFcienra, eaitcm 
■mpUtude, and time of ntiag tawi, ou any given day ) 

Uow are the sun's oblique dewensiDd, deKentional difference, weitem 
MnpUtoda, and tinio of Betting ibund! How nay Ibc time of the tun'a 
riling be found froni tie aacensioiial dilierc(ii;o 1 

Fwa having the latitude, hour of the day, and is-j of tb« month 
IL how are the aun'* altitudj NtdlliplBlll baai i 



^^^bgy how 



112 lExsttcidSs. 

How are the sun's altitade and the hour of the day found in a given 
latitude, from having the day of the month and the azimuth f 

Having the sun's altitude, day of the month, and latitude of the place 
given, how are the sun's azimuth and hour of the day foun d1 

From having the latitude, the sun's altitude, and azimuth given^ how 
are the day of the month and hour of the day found 1 

QUESTIONS FOR EXERCISE IN SECTION II. 

1. Required the sun's right ascension and declination for the last day 
in each of the calendar months. 

2. What are the sun's oblique ascension, ascensional difference, eastern 
amplitude, and time of rising, at the following times and places : — York, 
February 5th; B^lin, January 2dth; Juan Fernandez, March 1st; 
Quito, June 21st; Samarcand, December 2l8t ; Pegu, May 15th; Alex- 
andria, August 10th ; Bender, July 11th; Gape Horn, Decemb^ 25th; 
Felew Islands, November 5th 1 

3. Give the sun's oblique ascension, descen. difference, western ampli- 
tude, and time of setting, for the same places and times. 

4. What are the sun's altitude and azimuth at the following places and 
times :— Copenhagen, March 5th, 10 a.m.? Marquesas, July 7th, 8^.fl».1 
Fekin, August 12th, 7 a.m. ; Batavia, January 1st, 11 a.m.'i Cape of 
Good Hope, December 2l8t, 6p.m. ? Guadaloupe, June 4th, 8| a.m. 1 

5. April 15th, in the afternoon, the sun's altitude at Madrid was 60° ; 
required the hour and the azimuth. 

6. At London, on May 1st, the sun's azimuth was S. 4H° B. ; re- 
quired the hour and the sun's altitude. 

7. At Canton, on March 10th, the sun's azimuth was S. 74° B.; 
what were the hour and altitude ) 

8. At Jerusalem, on February 22nd9 the sun's azimuth was S. 55° B«; 
required the hour and altitude. 

9. At Rome, on March 10th, the sun's azimuth was S.B. 6° 24' B. ; 
required the hour and altitude. 

10. In lat. 51^°, the sun's altitude was 46^, on June 2lBt; required 
the hour and the azimuth. 

11. At Oo n alashka, on June 21st, in the evening, the sun's altitade was 
10°; required the hour and the azimuth. 

12. At London, what are the sun's altitude, and the hour, when it ii 
due east or west on the longest day ? 

13. At London, on June 21st, how &r from the north does the ton 
rise and set ? 

14. At Paris, on November the 5th, in the evening, the sun'g altitnde 
was 20° ; required the hour and azimuth. 



H^^P THE lis I 

~ IE. In tbs inam[iig of June Slat, Ibe gnn'l nUitude at Loadon vas \ 

*6° 20' ; what waa the hourl 

18. The ran being in the iiMBnding signs, ita altituda nt Nowcaatle wm 
obaerred to be 22°, when lU luimutb v/n N. 87° W. ; required the duf J 

of the month and the hDur of the day. I 

17. At Stockholm, in the suianier neaaoa, the ann'a aMtude wai 12°, I 

vrhen it< uimuth wu N.63° E. ; mi^nired the day of the month and the I 

hour of the day. I 

IS. At Bdinbui;gb, June 21at, haw fai from If. does the gun rise ] I 

IB. How many degrees are there between that point of the horiion 
in irliieh the ion rises nt NeATOUtU on June 21gt, and that point in which I 

it riB« on December 21it } 

20. In what pari of the horizon doea the sua riac at Qnilo, on Juno 
SlK and December 21st. 



SECTION III. 
OP PLANETS AKD COMETS. 

Tbe planets are heavenly bodies whicli do not, like the 
fixed stars, sbineby tbeif ownligbt, but by the refteetion of 
thelightof thesun. The ancients reckoned hat fire planets — 
Mercury, Venus, Mars, Jupiter and Saturn ; modem inves- 
tigation has added several to the list, and probably more are 
yet to be discovered. 

In the order of their distance from the sun they are — 
Mercury, Venus, tbe Earth, Mars, the nine Asteroids, 
Jupiter, Saturn, Uranua, and Neptune. Mercury and Venus, 
which are nearer the sun than the earth i3,are called in/erior 
planets, and the others, which are more distant, are called 
luperior planets. 

The inferior plancta, in CDutequence of tiieir comparative contiguity 
Id the »un, are never seen in opposition to it ; that is, they are never 
•een in the east when the sun is in the well, nor ill the west wheQ the 
inn is in the east; nor are they ever Hen on the meridian at midnight. 
Bot the auperior planets, whose orbiti are much &rther romsred from the 
tun than that of the earth, are often seen in oppoailion to the ran. 

All the planets, with the exception of the Asteroids, 
e their movemeuis to that zone of the heavens called 



It 



i 



114 TPB PLANBT8, 

The ob?iouf concloiioii fym tbif is, %}^\ (]»i| itaM ftC tlie otbitf pf^e 
planets are inclined to each other at very small apgltP^ dad (iMlft the|]F oqyv 
i«iqfKm4 T^ newly with the ^Iabq of tb« Mlipti^ 

The planets all move round tbe sun i|i the grdsr Q^ t|i^ 
signs; that i^^from the we^t tow»r48 tbe ^o^i; l>ulitW^ Ap- 
parent motion, as seen from the earth, is verf irvegalap 
(hence they are termed planets, or wandering etari)} seme* 
times it is from west to east, called direct; and son|Qtii|ies 
^om ei^t to west^ called retrograde ; ftt other perio^i tliey 
appear for a while stationary. But this apparent in>egu]arity 
ii occasioned by their being viewed from a body which is 
itself in motion. 

Suppose a person placed at the centre of a large circular area, and that 
seyeral bodies are moving round that oratre, all the same way, but at 
different distances from it, and with different y^ loqities ; these bodies, to 
the person placed at the centre, will all appear to be moving in the same 
direction | bat if the person wero placed at a diitwice ftom the omtre 
mfiA wmtii prpund ip one of thppe bodi«i|, h$ would pa logger pm the last 
Vpving in the psme orderly manner as before, Buch if the case witli ikft 
planets seen from the sun, the centre of the system ; th^ ^U pnrsve 
their regular courses from west to east : — but viewed from the earthy 
one of the moving bodies, their apparent motion is very diflbrent frmn 
the real. 

Q?he motion of the ipf^rior plimete may be very femiliady ifiaetwted 
by carrying a ipoaU ball, or globe, round a cirmUar wire^ having jlmifl 
a candle at a distance on one side, and a screen ojx the other, to feceivethe 
shadow of the balL Whilst the ball is carried round the circle, wiihovt 
ever changing its course, the shadow against the screen poves backward 
and forward, something like the vibrations of a pendulum. Sueh Is the 
case with Mercury and Venus ; they keep moving backward andlbfwvd 
in that part of the heavens in which the sun is ; S^ei^ury never going 
&rther from the sun than 29°, and Venus than 47°. 

To account for the retrograde motion of the superior planetp, it may be 
observed, that when two bodies are moving the same way, with difiSeorent 
velocities, that body which moves more slowly, seems to recede from the 
other with a motion equal to the difference of their velo(;ities ; thys^ 
whilst the earth and one of the superior planets, suppose Jupiter, are both 
moving eastward (the planet being in <^positien), the earth moving fiister 
than Jupiter, the latter is left behind, and, though hie real motion it east- 
ward, he appears to be moving from east to west. 



THE PLANETS. llfl 

The planets can only be Been when Bome part of their 
BUrTacG on whicli the sun shines is turned towardE (lie oh- 
server' Hence the inferior planets present all the phases 
of the moon, 

When Mercury or Venu> is between the earik and tbe auo it i> niiil to 
be in its inferior coDJUDCtion. In thii litnatiDn tlie whale of the en- 
lightened portion of the planet ia turned nwny from the enrth. and it ia 
biTiiible to 19 ; but oa It proceeds on iti course s thin crescent o( light 
ii pieaented to anr view, which grodDoIly paaie* into (ha lialf-moDned and 
pbboua form. When arrited at its Buperinr conjiuiclion ; that ii, when 
the con ia interpoted between the earth and it, tbs whole of iu enliBblened 
nda is turned towards ns, but ip this eituHtion it) brilliancy i» lost in the 
tJoze of the cnn'a mys. 

Mara is BOmetimea slightly gibtous {i.e., BOmething leaa than a circle, 
like the ibodh between the firatnnd second quarter}; but, with tbia es- 
ceptJon, all the superior pkneta ihine with a full disc. The reaaoQ of this 
if that they are lo much farther ramoved trom the lun than the earth is, 
that in whatever part of its arbit the earth may be, va lee them nearly 
ai we would view them from tha sun itselt 

The pkneta do not move in a. circle, as the anoicnta and 
even as Copernicus supposed, but in on ellipao or oval, and 
they do not proceed in their course with a uniform velocity, 
bat always movo fastest when nearest the great source of 
attraction, the sun. 

The laws of planetary motion, as orijinally diacoTered by Eejiler, and 
UnaOly called Kepler's three laws, arc the following : — 

lit. A line dnnn from the centre of a planet to the centre of the aim 
daacribea equal ureas round him in aqoal times. 

Snd. The orbit! of the planet* are eltipaea, having the «nn b one of 
their foci. 

3rd. The squares of tho periodic limes are proprtionnl lo the cabel of 
tlicii mean dislaneaa from the san. 

The secondary planets or satellites ohoy the same laws as 
tha primary. They all move from west to east except the 
ntellites of Uranus, whose motions are supposed to be from 
eitst to west i and they ali, so far as ia known, occupy tiie 
game time in making a rotation tipon their bkIs as in com- 
pleting ft revolution in tlioirorbitj they coiisequentlyalwaye 
IB( tU HiDQ pbwo (o t^w prinuy. 
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116 VENUS. 

Mercury, ^ 

This planet is nearer to the san than any which has yet 
heen discovered : it is seldom visible, being generally lost 
in the san s rays : its diameter is abont 3200 miles, and dis- 
tance from the sun 37 millions of miles. It rotates on its 
axis in 24 hrs. 5 m. It tarns roand the son in 88 days, 
moving at the rate of abont 110,000 miles per hoar, or 
30 miles per second ; it receives its name from the extreme 
rapidity of its flight. 

Mercnry being so much nearer the son than the eardi 
is, the heat of the snn there will be seven times greater than 
onr sammer heat. This being greater than the heat of 
boiling water, all the water on onr globe would be evapo- 
rated, and everything on its surface burnt to atoms, were 
it similarly situated. Hence any beings inhabiting it must 
be very different ftoxa us. The density of Mercury 
is very great, being rather greater than that of quick- 
silver. A cannon ball, passing at the rate of 20 miles in a 
minute, would take 3^ years in going from the son to 
Mercury. 

Venus. J 

This planet receives its name from its extreme beauty ; 
it may easily be known, from its being the most brilliant of 
all the planets, and from its rising before the sun in the morn- 
ing, when it is a morning star^ or setting after the sun in the 
evening, when it is an evening star. Venus and Mercury, 
when viewed through a telescope, have all the phases of the 
moon. 

The diameter of Venus is nearly equal to that of the 
earth, being 7800 miles: the length of its day is also 
nearly the same as that of ours, being 23 hours, 21 minutes, 
the time that it takes to turn on its axis. This is known by 
the spots on its surface. Its distance from the sun is 69 
millions of miles ; and it finishes its journey round the sun 
in 224 days, 16 hours, moving at the rate of 80,000 miles 
per hour, or, 23 In. per second. The light and heat of the 



w 
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su^K VenuB are double that which is enjoyed by the inha- 
bitants of this 'globe. A caanon boil would require more 
than 6 years tn passing from the sun to Venus, The 
density of Venus is a little greater than that of the earth, 
end like the earth it possesses an atmosphere. Venus, ns 
well as Mercury, is sometimes seen to pass oyer the sun's 
disc : this is colled a transit, and it furnishes astronomers 
with the means of determining the distances of all the 
planets. Captain Cook's first voyage to the South Sea was 
undertaken for the purpose of observing, at Otaheito, the 
last transit of Venus, in 1769. The next tmnsit will be in 
1874. 

The retuon Chat a tranBil of Tenua doee not lake pWe at every icto- 
lution is, that its orbit does not coincide with that of tho earth. A 
tiaaut can only take place vbea the bud, earth, and Venoa ale in the 
name straight line, and this tan never he excepting when the earth and 
Venna happen to be both in the line of intenection of the planes of their 
nrbiti ; that is, when Venus is in her noiki. 

The Nune obsenatioDB are applicable ta the tranaits of Mcrcory, which 
take place at intecrds of 6, 7, 13, 46, and 263 jcan. 

It i> obvious that no tnuiaiu of the superior planets can occur, but the 
earth being an inferior planet to Mara, Jupiter, &c,, will peiform occa- 
nooal transiti to them. 

The Earth. © 
The next planet in tlie order of distance from the sun is 
that which we inhabit. The equatorial diameter of the earth 
is 792.5, its polar 7899 miles, and the number of square 
miles npon its surface 197 millions. It turns upon its 
a.'UB in 23 hrs, 5G m. as indicated by its letum to the same 
star. 

The period ii colled a lidereal dny. The mean solar day consists 
of 24 hrs., the addiliona] 4 m. being required, as already eiplnlited, to 
bring any point oa the earth's lUtfiue to the isme position in regard la 
the »un. Tho length of the soUr Jay is not uniform; this arises from 
the inequality in the rate of tho earth's motion round the suj), and the 
inolination of the earth's axis to the plane of ill orbit. (SceFrob, XXX.) 

Itainean distance from the son ia S5 millions of miles. 
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It performs * revdnftioii tti iUi i^rbk in 99S d. ti. d m. 
10 seoM moTiAg At the M^ of 68^000 tbOe^ti per bottf, 
which is mor« than 1^100 fnilM pef minUtd, ot iH <b« P^^ 

The equitoctiali ot tropical jtai, which ti the bMhra} ttetWffeh IW« 
successiye letums of the sun to the aaine e«iuinex^ eoniiftiof 866 d« 5 Itfl* 
48 m. 49 sec. The difiference between the equinoctial and tile AUnal^ et 
true year, is owing to a regression of the equinoctial points, which it 
c&UAed by the attraction of the sun and moon upon the projecting matter 
at the e^ttati^. 1)he preeesH&n qf the eqniftos^, as this iliotion is catted, 
causes a slow tha&ge in the i^iparent position of thb pole Maa^. Ill abdiit 
12,000 yean, Vega, the principal star lb Lyra, will he ^ty tieifr ^ 
pole, and will consequently be the pole star. The pole of the haaVflia 
will make a complete revolution in about 26,000 years. 

The earth is in its perihelion^ or that part ot its orbit 

nearest the 6ud, on Dec. dlst, and in its aphelion^ or farthest 

from the sun, on July 1st. The sun is about 3 miUions of 

miles nearer to us in the depth of winter than in the tiuddle 

of summer. 

It seett^ littange that wo should hate the coldest season when we aie 
nearest to the source tt heat^ but it must bd remem1)ered that doting 
winter the suti continues only a short time above the horizon, and hii says 
fell tery obliquely upoii the earth. 

The earth is surrounded with a thin fluid called air, the 
whole body of which fonuB the atmosphere. 

The lower parts of the atmosphere ate de&sef thtta the highelf ; tod 
the density diminishes the greater the altitude; this it deei ao npMlb^ 
that at an elevation of 18,000 ft;., which is nearly that of Ootofitti, wa 
have ascended through one-half the body of air incumbent on ike eardi*a 
surface. It id owing to the atmoiiphere thai the rays of light codling firom 
the sttH aiM diip^med in all directions, and thti6 thii whole heavens b^ine 
illuminated. Without an atmosphere, we should derive no benefit fiotti 
the light of the sun, except when our sight was directed to him ; all tiie 
other parts of the havens would appear dark^ and the stars would ba 
vibible at noon*day. It is also the atmosphere that produces twilight^ aa 
already explained. By refracting the rays of light, it causes the aun ta 
appear in the morbing before he is above the horizon, and in tiie eTaaiBg 
after he is set 

A cannon ball would take 9 years in passing from the 
sun to this earth, 



Tie Moon. D 

The moon ia the constant companion of tlte eartli in its 
annual revolution raund tlio suit, and next to that bodj, it 
is to us the most remarkable in our s^steni ; it supplies Us 
with light duriug the ahsence of the sou, oud furniEhes us 
with a meiMure a[ time. The roeau distance of the moon 
from the earth is 240,000 miles; Us diameter is 21d0, 
heing to that of the earth as 3 to 11. It turns round the 
earth in 27 days, 7 hours, 13 minutes, and is carried round 
tha sun with the earth in 1 3'ear, Between one new moon 
and another are 29 days, 12 hours, 44 minutes ; this is the 
foundation of the division of time into months. It turns 
round its axis in tlic same time, and hence it always presents 
the samo face to us. 

As the moon shines by borrowed light, and the enlightened 
port is not always turned towards the earth, it is only in one 
position that tile moon appears round ; this is, when it ia in 
opposition to the sun, the whole of the enlightened side 
being then turned towards the earth : this appearance is 
CtJled/tiS moon. When it ia in conjunction with the sun, 
the enlightened aide is turned from ua, and the moon is con- 
aeqnently invisible ; this is called new moon. A few days 
after conjunction, it is seen in the shape of a crescent, and 
it graduaJIy enlarges till the whole of the enlightened aide 
appears. After full moon, it again loses its circular form, 
and the enlightened part deeieaBes bb before it ihcPeasod. 

As the moon affords light to the earth, so the earth, in 
return, affords light to the moon ; hut the surface of the 
earth heing 1 3 tiroes greater than that of the moon, it affords 
la times more light to the moon. The length of the day 
and night to the moon being nearly 30 of our days, the sun 
will be 15 days above the horiBOn, ond the night will be of 
the same duration. 

When the uirjon ti only a few dayi old, the unenliglltenEd jart of it 
I, in hTouiabte urcunuiancu, parUally viubU. This phea 
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caiued by the light reflected firom the earth — the moon's earthligkl — 
which is then great, as the enlightened side of the earth is turned towards 
the moon. 

Numerous mountains and caverns render the surface of 
the moon very uneven. 

The feet is proved by the following considerations : — 1. When the 
moon is homed, or gibbous, the boundary line of light and darkness is 
notched and broken, which is exactly the aspect that elevations and de- 
pressions would produce. 2. Close by the illuminated portion, yet within 
the dark part, there are small shining points which gradually join the 
luminous space and new ones appear. These are evidently the tops of 
mountains whose summits catch the illumination of the sun's rays before 
the plains below, just as Mount Blanc is enlightened while the valley of 
Chamouni, at its foot, is in darkness. 8. Further evidence is afforded 
by the facts that the mountains project shadows in a direction &om the 
sun, that the caverns are dark on the side nearest the sun, and illuminated 
on the opposite side, and that the shadows shorten as the sun's rays be- 
come more direct, and lengthen as his beams fall more obliquely. 

The form of the lunar mountains is various. There are many isolated 
peaks of a sugar-loaf form ; one of these, Pico, is 7000 ft. high. There 
are several mountain chains, but the most striking peculiarity in lunar 
mountains are ring fences, or circular ramparts, inclosing plains and 
hollows of various diameters, the most extensive having isolated peaks 
jutting firom their bosom. 

The moon is supposed to have neither atmosphere nor seas. 

Beautiful as is the appearance of the moon as seen from 
the earth, the earth must he a still more striking ohject as 
seen from the moon. 

If we could place ourselves in the middle of the lunar disc, we should 
enjoy a very singular spectacle ; we should see our earth placed in the 
zenith, like a motionless lamp, or only turning on its axis; and we should 
probably be able to distinguish the continents, islands, &c., as they would 
reflect more light than the oceans. 

Supposing the moon inhabited, the inhabitants of that hemisphere next 
the earth will always see the earth in the same place in the heavens, whil* 
the sun will appear to perform his revolution in a month. The inhabi- 
tants of the opposite hemisphere, on the contrary, will never see the earth ; 
unless, prompted by curiosity, they make a journey to behold the extn^- 
ordinary phenomenon. 



Mart. $ 

Next to the earth is Mnra. It may bo known in the 
beaTena by its dusky red appearance, wbich induced the 
ancients to give it tbc name of the God of War. Its dia- 
meter is little more than half that of the earth, being about 
ilOO miles ; but the length of its day is nearly the same as 
oors, for it tnrns on its axis in 24 hours 39 minutes. Its 
distance from the sun is about 1*5 millions of miles; the 
length of its year is equal to 687 days, and tberefore it 
travels at the rate of 55,000 miles per hour. Mars haa an 
atmosphere of considerable density. When viewed through 
a. telescope, several spots are seen on its surface, some of 
wbicb are permanent, others are not. Owing to itadistancc 
from the son, the light and heat at Mara aro only half of that 
which we enjoy. No moon baa yet been discovered be- 
longing to it. A cannon ball would take 13 years in passing 
&om this planet to the sun. 

Kara Beemi \a ihine ivilh rery difFcrent degree) of ipleniloui. This la 
awing to the ciicniasIAncBthat in tlio courioof iti retolulion it iiaituated 
at very diSennt distancea &oid tbe earth. When Mars It in oppoaJtioji 
to the emi, it is only 50 millians nf milei diilnnt TroQi m, but when it is 
in conjtmction with tha BUn, it is 240 millious of miles diBtaat itotn Iho 
earth. When nearest tlie earth, it presents a snrfnce twenty-five tioiei 
lo^r than nhen at its greatest distance. 

Hhh has a greater resemblance to the earth than anj other planet in 
the system. Laud and water diversify its surfiire. Owing to the incli- 
tiatjon of its axis, it will have a change of seasons. White spots have 
been observed at its poles ; these hare been conjectured to be snow, na 
they disappear when they have been long ciposed Id the son, and are 
greatest when just emerging from the long night of the polar winter of 
that planet. 



None of the nine minor planets is sufficiently large to be 
Tirible to the naked eye. They are distinguished from the 
older planets by several peculiarities. They are all nearly 
at the same distance from the sun, and complete a revolu- 

a round him in nearly the some time, Tbey wander be- 
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yond the zodiac in consequence of tbeir orbits being more 
inclined to the ecliptic tban tbose of the other planets; 
their orbits are also more eccentric, and they cross one 
another. 

Floba («^), discovered in 1847) completes a revelation 
round the sun in 1193 days. , 

Ibis ( ^)9 discovered in the same year, makes a revo- 
lution round the sun in 1^45 days. 

Vesta (£) is about 225 millions of miles from the sun, 
and completes its revolution round it in 1326 days. In size 
it resembles a star of the 5th magnitude. 

Hebe ( 2 )> ^scovered about the year 1847, completes 
its orbit in 1375 days. 

AsTBGEA (•$»)> discovered in 1845, revolves round the 

sun in 1510 days. 
Juno ( $ ) is situated at about 253 millions of miles 

from the sun, and completes its revolution in 1593 days. 

Cebes ( ^ ), discovered in 1801, is very nearly 263 mil- 
lions of miles from the sun, and performs its ravolutioQ in 
1681 days. Ceres was the first of the asteroids that was 
discovered, and was first noticed by M. Plazzi, astronomer 
at Palermo, in Sicily, Ist. Jan. 1801. 

Pallas ( $ ) is a little more than 263 millions of miles 
from the sun, and turns round the sun in 1 686 days. 

Metis ( -^) was discovered in 1848. 

Before the diseovery of the asteroidB, the exUtence of a planet between 
Han and Jupiter had been conjectured. It was obBerved that the in- 
terval between the orbit of each planet and that of the next goes on 
doubling as we proceed from the centre of the system ; but that the in- 
terral between Mars and Jupiter greatly exceeded the usual proportion. 
The attention of astronomers having been called to the circumstance^ they 
were rewarded by the discovery of these small planets in the situation 
where they anticipated one large one to be. Some have supposed that 
the asteroids are the fragments of a larger orb which has been shattered 
by some internal convulsion. 

Jupiter. 14, 
We come now to Jupiter, the largest of all the planets, 
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and wMch Ae Gffeeks dignified with t}ie nfime of their 
chief deit^. It is easily known hy its peculiar magnitude 
mi hrilliancy* Its diameter is ahout 87,000 miles ; and 
beocQ it IIP 1800 timoa larger than the earth. It turns on 
iU own axis in 9 hours 55 minutes j and revolves round the 
«un in 11 years 815 days, moving at the rate of ahout 30,000 
miles per hour. 

Being more than ^ye times farther from the sun than the 
earth, viz., 494 millions of miles, the light and heat enjoyed 
by the inhabitants of Jupiter must be only the twenty- 
seventh part of that afforded by the sun to the earth. But 
this defect is partly supplied by 4 satellites, or moons, which 
constantly attend this planet, some of which will always be 
aboye the horizon. The density of Jupiter is little more 
thap that of water. A cannon ball would take 47 years in 
p^sfsipg from the sun to Jupiter. 

The rotation of tliis planet on its axis is so rapid that the equatorial 
diaipeter exceeds the polar hy 6000 m. As the axis is very nearly 
perpendicular to the plane of its orbit^ there will be no variety of seasons 
a4 Jupiter, and the days and nights will be constantly of equal length. 

Jppiter, whan vi»w»d through a telsicope, exhibits a senei of dark 
90099 at belts. They fup# variabloi but are generally parallel to the 
equator of the planet. Thedar)^ belts are supposed to be the body of the 
planet, and the bright parts compact and undisturbed strata of clouds 
and vapour. 

AH the satellites of Jupiter, except the second, are rather Urger than 
Mif moon ; they were diseevered by Qalileo in January 1610. As they 
mof9 ia an orbit piearly parallel to the equator of the planet, they ar^ 
9lw»yf wen in a straight line coincident with the equator. 

Edipses of Jupiter's satellites happen very frequently. Sometimef 
they arp seen pt^ssing before the planet, and casting shadows on his disc ; 
and sometimes disappearing behind the body, or being hid in its shadow 
at a dittMiee from it 

The eclipses of Jupiter'f latellites were formerly much used in com* 
puting the longitude of places on earth. The time of an eclipse at 
Qreenwich being given in the Nautical Almanac, and the time of the oc 
cnrrence of tiie same eclipse at the place where longitude is required 
being ascertained by observation, the difference of time and hence of 
longitude can be deduced. This method is now little used, in conse- 
quence of the superior accuracy of that by lunar observations. 
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It was by the observation of tbe eclipses of Jupiter's satellitefl that the 
Telocity with which light travels was ascertained. It was found that an 
eclipse occurred 8 m. sooner than the average time when the earth 
was nearest to Jupiter, and 8 m. later than the usual time when it was 
fiirthest from Jupiter. Hence it was inferred that light requires 16 m. 
to pass firom the nearest to the farthest point of the earth*s orbit^ a dis- 
tance of 190 millions of miles. Light, therefore, moves at the rate of 
192,000 miles per second. 

Saturn. 1^ 

Till within 70 years Saturn was considered the most re- 
mote planet in our system. It shines with a pale, dead light 
Its diameter is about 79,000 miles ; so that, in point of size, 
it is the second in the system. It exceeds the earth in bulk 
nearly 1000 times. It turns on its axis in 10 hours 29 
minutes. Its distance from the sun is 900 millions of miles; 
and it performs its journey round that luminary in a little less 
than 30 years, and consequently travels at the rate of 22,000 
miles per hour. / 

Being between 9 and 10 times farther from the sun than 
the earth, it enjoys 90 times less light and heat ; but the 
daylight there is not so small as we should suppose, for it 
has been calculated to he many hundred times greater than 
the light which we enjoy from our full moon. 

The Great Creator of the universe seems to have in- 
demnified the inhabitants of Saturn for their great distance 
from the sun, hy giving them 7 moons, and also by sur- 
rounding the planet with two broad rings, which are probahly 
of considerable importance in reflecting the light of the sun 
to the planet. These rings present a singular appearance 
when viewed through a telescope. The density of Saturn 
is about that of light wood. A cannon ball would take 85 
years in passing from the sun to Saturn. 

The breadth of the exterior ring of Saturn is 10,500 miles, and that 
of the interior 17,000. The interior ring is 19,000 m. distant from the 
body of the planet. The thickness of the rings is supposed to be about 
100 miles. The rings rotate in a plane of their own in nearly the same 
time that the planet performs a revolution on its axis. The rings axe 




etMHy^ opaque bodiea, for thej tlirow a shadmv on Hie hoij nf tbe plant t 
on ibe side nearest tfae aun, and receive the abadow of the planet on the 
oppoaite aide. 

Uranu3. ^ 
This plaDct was discoTereJ, March 13tb, 1781, by Sir W. 
Herschel. It is the third of the planets in point of magni- 
tude ; it has a diameter of 35,000 miles, and its Tolumc is 
about 80 times that of the earth. Its distance from the sun 
is 1800 millions of miles. It requires 84; years to perform 
its journey round that luminary, though it travels at the rate 
of nearly 16,000 miles per hour. The light and heat of 
the sun, at Uranus, is 3G6 times less than at the earth. 
Probably sis satellites, aud certainly two, attend this planet. 
A cannou ball wotild require 171 years in passing from it 
to the sun. 

Befoie the diacovery of this plaoet, aetraiiameci coaceiied that a planet 
ciined beyond the orbit of Satorn, for aome inequalities in the motiun 
of Japiler and Saturn could not otbecwige be accounted for. Henchel 
called thia pUnet Qeorgium Sidua, in honont of Qeorge III., bnt foreign 
Mtronomers gave it the onme of itg great diacoverer. Latterly tbe nHme 
Dianus — the most ancieat of the heathen deities, and the father of Saturn 
— baa been adopted, as being more in unieon with the appellntiona of the 
other phmcts. 

la two respects the aatellilea of Uraima offer rcmflrkable peculiarities ; 
they move in orbits nearly at right angles to the plane of tlie orbit of 
their primor;, and in a direction frcm east to west, 
Neptune. "^ 
Another planet, more remote from the suu than Uranus 
was discovered in 1846. It bos been denominated Neptune. 
One moon, at least, attends it ; ami, like Saturn, it is sur- 
rousdcd by a ring. The period of its revolution is supposed 
to be 1G7 years. 

The more easily to remember the relative distances of tbe 
planets, tbe folloiving numbers, which are proportional to 
their mean distances from the sun, will he useful : 

Mere,, Venus, Earth, Ma^^ Asteroids, Jupiter, Sat, Ure. 
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The mean distance of the earth being 95,000,000 miles, 
that of any other planet may bo obtained by proportion* 

The following illustration will convey to minds unaccustomed to con- 
template millions of miles, a general impression of the relative magnitude 
and distance of the parts of ouj^ system. 

Choose any well-levelled field. On it plaeo A glohd, two fMi !tt dift* 
meter ; this will represent the Sun ; Mercury will he feprtfeeilted by A 
grain of mustard seed on the circumference of a circle, 164 feet diameter 
for its orbit; Venus, a pea, on a circle 810 feet in diameter ; the Earth also 
a pea, on a circle of 430 feet ; Mars, a rather large pin's head, on a circle 
of 654 feet; Juno, Ceres, Testa, ahd Pallas, grains of sand, in orbits of 
ftom 1000 to 1200 feet ; Jupiter, a moderate-slxed biratige, itt a dircle 
nearly half a mile across ; Saturn, a small orange, on a circle of fetir>fiflh# 
of a mile ; and Herschel, a fiUl-siied cherry, or small plum, tipoii the 
circumference of a circle more than a mile and a half in diameteri 

These views ought to humble man. How insignificant is this earthy 
the theatre of so many passions, and so much contention ! fiow much 
blood is sometimes shed fot the possession of a mofe point! 

COMJSTH. 

Comets appear in very various aspects. The head con- 
sists of a nebulous mass of light containing a bright spot 
in its centre, called the nudeus. The more diffuse light sur- 
rounding the nucleus is called thecoma, or hair,fh)m whiCh 
the word comet is derived. The tail consists of a streani 
of light proceeding from the head, generally directed towards 
the side most remote from the sun. It is often slightly 
curved, bending towards the region which the comet has 
left, and is usually most fully developed just after the comet 
has passed the perihelion. A tail is by no means an invari- 
able appendage of a comet. 

Comets are not, like planets, confined to tbe zodiacal 
belt : they move in all parts of the heavens, and they pro- 
ceed in all directions, some pursuing a retrograde and others 
a direct course. 

Comets revolve in extremely eccentric orbits, so that at 
one time they are very near the sun, and at another very 
remote from it. 
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Those comets which have elliptic orbits make jfegular revolutions 
round the sun in fixed periods, but there are some which seem to move in 
a curve that does not return into itself. These comets having come 
within the reach of the sun's attraction, move round him, again launch 
forth into boundless space, again to perform a temporary revolution round 
the sun or some other system. 

Comets appear to consist of matter entirely gaseous. 

The ptoof of this is pretty decisive. They have been found to make 
no sensible derangement (by attraction) in the motions of Jupiter^s satel- 
lites, near which they hare passed, while they themselves have been con- 
siderably diverted from their course. Stars of the 16th magnitude have 
been seen through the nucleus of some of them. Also they present no 
phases, which shows that light passes freely through them. 

The most remarkable comets that have appeared in 
modem times are those of 1680 and 1811. 

The comet of 1680 was seen by the illustrious Newton. He calcu- 
lated that its tail was 123 millions of miles long, and that when nearest 
to the sun it was exposed to a heat 2,000 times greater than that of re4- 
hot iron. This comet is supposed to have been the same as that which 
appeared about the time of Caesar's death (b.0.44). 

Q?he comet of 1811 continued visible to the naked eye for more than 
three months. Its brilliant tail, at its greatest elongation, had an extent 
of 108 millions of miles by a breadth of 15 millions. 

The precise natare of the orbits and the period of time 
occupied in traversing them, have been ascertained in the 
case of three comets, which have been named after the 
astronomers who investigated their courses and predicted 
their return — Halley's, Biela's, and Encke's. 

Halle/s comet appeared in the year 1682, and it has twice visited 
this part of the system since Bailey's time, namely, in 1759 and 1835. 
It has a period of 75 or 76 years. 

Biela's comet describes its orbit in 6| yrs. Encke's comet has a period 
of 3i yrs. Both Encke's and Biela's comets are destitute of tail and 
nucleus. 

A very interesting isuct has been noticed in the case of Encke's comet. 
The time in which it completes a revolution round the sun is undergoing 
a progressive diminution, owing to the diminution of the size of its orbit. 
It is hence inferred that the comet meets in its passage through the system 
with a resisting medium, and that it will eventually be precipitated upon 
the sun's surface. 
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PROBLEM XXI. 

To mark the Places of the Planets on the Ghhe^from having 

their longitude and latitude. 

1. Look on the right-hand page of White's Ephemeris 
for the day of the month. 

2. Find out the column marked at the top with the cha- 
racter of the planet whose place you are seeking ; then, in 
that column, opposite to the day of the month, is the longi- 
tude of the planet for that day at noon. 

3. The latitude is given, at the top of the page, for 5 
days in every month, and seldom exceeds 2 or 3 degrees. 

4. Find the longitude and latitude upon the globe, and 
put on a small patch with the character of the planet ; — and 
thus may all the planets be marked upon the globe for any 
dfey of the year. 

Page 32 of White's Ephemeris is appropriated to the Planet Uranus : 
its variations in longitude and latitude are so small, that they are given 
for only the first day in each month. 

EXAMPLES. 

1. WhsX is the situation of the inferior planets for May 
13, 1828? 

Mercury, » 10° 54' 1° 17' S. 

Venus, s5 7 53 3 3 N. 

2. What is the situation of the superior planets on the 
same day ? 



Mars, 


>? 


13° 1' 


1° 


45' S. 


Jupiter, 


m 


7 49 


1 


22 N. 


Saturn, 


S5 


16 21 





2 S. 


Uranus, 




2 18 





34 S. 



3. Required the situation of all the planets for the first 
day of every month during the present year. 



129 



PROBLEM XXII. 

To find the Right Ascension and Declination of the Planets 
— their Rising^ Ctdminaiing^ Setting^ Amplitude^ Azimttthy 
Ahitude^ ^Cyfor a given day and place. 

The situation of the planets heing marked upon the globe 
for the given day, their right ascension, declination, &c., 
may be found the same way as for the fixed stars. 

Examples. — 1. Required the right ascension and decli- 
nation of all the planets on November 13th, 1828. 





BIOHT ASCENSION. 


DECLINATION. 


Mercury, 


228^ 


0' 


18« O'S. 


Venus, 


188 





10 39 S. 


Mars, 


321 





16 S. 


Jupiter, 


231 





18 S. 


Saturn, 


129 





19 ON. 


Uranus, 


301 





21 S. 



2. At what time did Saturn rise at London, on Novem- 
ber 1st, 1828? 

Ans, 15 min. past IQ p.m. 

3. When did Jupiter, Mars, and Venus set at London, 
on February 2nd, 1837? 

4. Required the situation of the Planets for November 
19th, 1838. 

5. Which of the Planets were visible at Newcastle, 
November 25th, 1837, and whether in the evening or 
morning? 

PROBLEM XXlll. 

To find when Jupiter and Venus are Morning^ and when 

they are Evening Stars. 

1 . Find their situation, as before directed* 

2. If it be to the east of the sun's place, they will bo 
evening stars ; if to the west, they will be morning stars. 

Examples. — 1. Were Jupiter and Venus morning or 
evening stars on Dec. 7th, 1828 ? 
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Ans* They were W. of the sun, and were moniing 
stars. 

2. During whftt time will Jupiter bd a morning star this 
year, and what time will it be an evening star ? 

3. Required the same for Venus* 



SECTION IV* 

PROBLEMS RELATING TO THE MOON. 

The motion of the moon is very irregular. This irregu- 
larity is occasioned by its being attracted both by the sun 
and by the earth. It does not move in the ecliptic, but its 
orbit forms with the ecliptic an angle of 5 J°. The points 
where its orbit cuts the ecliptic are called its nodes^ and are 
constantly changing. 

The course which the moon appears to pursue in the 
heavens is always varying. Passing in a month through all 
the signs of the zodiac, its meridian altitude will vary in 
that time 47°. The full moon that happens in Cancer is 
the most beneficial to us in the northern hemisphere, for 
its altitude is then the greatest, and it continues longest above 
the horizon ; but when the full moon happens in Canceri 
the sun is in Capricorn, and our days being then at the 
shortest, we are the most in want of auxiliary light. The 
full moon that is of the least use to us is in Capricorn, for 
its altitude is then the least, and its stay the shortest above 
the horizon ; but the sun being then in Cancer, our days 
are long, and the light of the moon is not needed^ 

This is a wonderful display of the divine wisdom and good- 
ness in apportioning the quantity of light suitable to the 
vaf'ious necessities of the inhabitants of the earth, according 
to their different situations. 

The full moon being always opposite to the sun, can 
never he seen by the inhabitants of the poles whilst the sun 



S above the horizon; but all tlie time the san is below the 
horizon the full moons never set. 

KCL1P3KS. 

An edipte of the moon is cauacd hy 
earth's nhadow. It can oiiljr happen 



its entering into the 
at the time oi full 




I OP THE MOON, 

moon, or when in opposition to the sua, els the sliiidow of 
the earth must lie opposite to the sun. 

The preceding figure will illustrate this. 

Let A B represent the sun, and C g the earth. The 
moon, when ot o, is jnst entering the earth's shadow, and 
the eclipH ia then said to commence ; at D, the moon is 
n-holljr enrcloped in the shadon-, and is totally eclipsed. 

WImd mo«t sbRiire, the nuMo'i diK ii not entirelj hid ftom u, for 
GOme of the salur light gcneiaily rcacbBg it thiougli the refncliog io- 

An olactver who conaiiIl3 an almanac often ciptclB nn eclipse of Ihc 
noon M l>efiii long beface be noticea the earth's ihodow to 1111110 il. 
hjL in^ectimi of thi figure will explain t)ie leuou of this. Bafare the 
moon reachei the line h C it ruceivci myi frnm Ibe wbolo of the tan'* 
inria<;i>, hut al^r crouing Iliat line, the portion of the sua'a di<c frooi 
which it recBiFGB light is gradually diminiahcd h; the interrentiim of the 
varth; a ahsdow thus gently steals over tlie moon. It ii only aftar 
crnuing the line C d that all the lun'a rays arc cut oif, and that it enten 
the ilatk ihadow, uid it is then only Ibnt an obscrrer unprovided with a 
telescope detects the commencement of the eclipse. The conical dark 
ikidon'CtijjgCailbyUieearth, ia termed the um/^ra. ThepBrtinl shadow, 
which gnuluatly increases in intennty as tbc umbra is spprDached. ii 
called the ■pm.n.mhra (almost shade). During the prugrcsi of an eclipse 
' ^ ^mnbra always precedes nod followa the umbra. The appearance 



of Ihe penumbrs, as mea through n tclejcope, ii well depicted in lie 
nnnFied woad-cul, alloHjinci^ lieiiig made for n little iicceusry er^gen- 
ihedei.thiofilsBlindL'. 




MOON rAKIIALLV ECLIPSED, EXHIBITING THK rENDMBBA. 

An eclipse uf the sun, is caused by the JDterpositioa of 
the mouu between t!ic cartlt anil sun, and tlicrefore it must 
happen wiien the moon is in coojunction ivitli the 8UD, i 
at the n 
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When the sun A B, the moon C, and the earth D, are 

in the relative position represented in this figure, an eclipse 
ofthe sun takes place. 

The eclipse may be lolal, when the whole of the sun's 
ilisc is obscure; partial, when only a part of his surface is 
obscured; and amttdar, when the moon cuts off a circle in 
the middle, leaving a luminous ring (Latin anwdua) around 
the part obscured, 

The wood-cat leprca^nls the ciicnmatauces in which an aimular ecUjigo 
lokei place. The moon'» umbra iollB short of llie earth, and an obsorvfr 
at e, directing hta eye aloag the upper edge of the moon, will sec the 
portion of the sun A a, unobBCured ; directing it post the lower edge, ho 
will >ee the portion B b, and so of the whole circumference. 

Frequently Da the occurrence of an eclipse of the sun, the moon 
happBis to be nearer lo the earth than in the case supposed, and the 
lunbia itrilcea the earth. The Bun will then he lolally eclipsed to an 
obaerver at e, und partially eclipsed to pbsecveri on each side of Ihe 
conical umbra ia a degree proportioned to their distance fjrotn it. 

Lunar eclipses are visible in all parta of the earth which 
have the moon above their horizon, and ore everywhere of 
the same magnitude and duration ; but a solar eclipse is 
never seen throughout the whole hemisphere of the earth 
where the sun is visible ; as the moon's disc is too small to 
hide the whole or any part of the sun from the whole disc 
or hemisphere of the earth. Kor does an eclipse of the 
BDR appear the same in all parts of the earth where it is 
visible, hut when in one place it is total, in another it is 
partial. 

If the moon moved in Ihe ecliptic, there would be an 
eclipse of the moon every full moon, and an eclipse of the 
Sim every new moon ; but the moon being in one part of 
its orbit 5J° to the north of the ecliptic, and in another 
port 5\° to the south, there can be no eclipse except the 
moon, at full or change, he near its nodes. When the 
moon is less than 18° from either of the nodes at the time 
of change, there will be an eclipse of the sun ; when it is 
less than 12° from cither node at the time of full, there vrill 
be an eclipao of the moon. 
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Theie are called the ecUpHc limits; and as they are nearly in the 
proportion of 8 to 2, there will be more solar than lunar eclipses in the 
same ratio. Bnt more Innar than solar eclipses are seen at any place ; 
because a lunar eclipse is visible to a whole hemisphere, whereas a solar 
eclipse is Tisiblo only to a part. The greatest number of eclipses that 
can happen any year is seyen, and of these fiye will be of the sun, and 
two of the moon ; the least number that can happen is two, and these 
must be both solar : the mean number is aboiit four. The season of 
eclipses will retnm at an interral of about nine or ten days less than half a 
year ; so that if there be eclipses about the middle of January, tho next 
will be about the first week of July. 

OF THB HABYBBT MOON. 

The moon rises about three-quarters of an hour later 
on any day than on the day preceding; but in places of 
considerable latitude, there is a remarkable difference about 
the time of harvest, when, at the season of full moon, it 
rises for several nights together, only about seventeen nunutes 
later on one day than on the day preceding. By thus suc- 
ceeding the sun before twilight is ended, the moon prolongs 
the light, to the great benefit of those who are engaged in 
gathering the fruits of the earth; and hence the full 
moon at this season is called the Juzrvest moan. The 
full moon nearest the vernal equinox rises wiib. itie greatest 
difference of time, viz., an hour imd a quarter later each 
day than on the former. — ^Problem XXIX. explains, by the 
globe, the phenomenon of the harvest moon ; and Problem 
XXX. the equation of time. 

PROBLEM XXIV. 

To asBtgn the Orbit of the Moon its proper sittiation in the 

JEfeavene for any ffiven time. 

1. Find the moon's ascending node in White's Ephe- 

meris : the descending node will be 180° distant from that. 

At the distance of 90° from these nodes, reckoning each 

way, coimt 5^° to the north of the ecliptic on one side, and 

^Z" to the south on the other side. 
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2. Fasten a silk line round the globe, to cut the ecliptic 
at the nodes, and to pass over these two points, made at 
thd dktoncfe of 5-^^ on each side of the ecliptic; and this 
will represent the moon's orbit for the given day. 

EXAMPLES. 

1. Bepresent the moons orbit for Oct. 25th) 1828. 

The moon's aacendiiig node i« 15° 56' in libray and the descending 
node will be 15^ 56' in Aries : — ^make the silk line cut the ecliptic in 
these two points ; and at the distance of 90° from these points, let it he 
Si° to the aofth of A« eeliptie tm one side, imd 6}° to tiie south on the 
tftlier tidt, ttnd it will represent the orbit for that day. 

2. Point otit the moon's orbit for the present month. 

PROBLEM XXV. 

To find the Moons Diurnal Motion in the JBdipUo for ^ny 

given day. 

Find the moon's longitude for the given day, on the 
right-hand page of White's Ephemeris ; subtract from this 
its longitude on the preceding day ; or sabtiaet this from 
the longitude of the suooeeding day; and the difference 
will be the quantity of diurnal motion sought. 

BXAMPLS. 

Required the moon's diurnal motion Oct. 25th, 1828. 
October 25th, moon's longitude n 32° 52' 
October 24th, » 19 32 



AfiM. 18 80 

From the moon*s diomal motion may be fomid its longitude for any 
hour, by the role of three ,* thus — 

As 24 hours is to the quantity of daily motion, so is the nnmher of 
honrs to the quantity of motion in that time : for example— 

Bequired the moon's longitude for Oct 25th, 1828, at 9 jp.m. 
As 24 : 13* 23' : : 9 : 5*, the motion in 9 hours. 

The moon's longitode at neon wiU be n 2'' 52^ ; to this add 5^ 0' and 
its longitude, at 9 clock; ^.m. will be n 7^ dS'. 
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PROBLEM XXVI. 

To mark upon the Globe the Moan's Place in the Heavem 

for any given day and hour. 

Find its longitude for the given hour by llie last problem, 
and its latitude for the given day at noon from White's 
Ephemeris; put a small patch, with the moon's astrono- 
mical character marked upon it, on this place, and it will 
represent the moon. 

The moon's declination^ right ascendon, altitude, azimnth, kc, may 
be found in the same way as the dedination, &c. of the sun or stars, but 
not with equal accniacy, on account of the moon's motion. 

Examples. — 1. Required the moon's place for November 

28th, 1828, at 8 hrs. p.m. 

November 28th, moon's longitude at noon £i 24® 41* 

November 27th, ditto a 12 49 



Diurnal motion 11 52 



As 24 hrs.: 11** 52' : : 8 hrs. : 3** 57'. 

The moon's longitude at 8 will be a 28° 38', and its 
latitude at noon, given in the Ephemeris, 3° 57' S. 

2. Required the moon's declination for the present day 
at midnight, and its altitude and azimuth at Newcastle, if 
it be above the horizon there at that time. 

PROBLEM XXVII. 

To find the Time of the Moon' 8 Rising^ Southing^ and 
Setting^ for any latitude and given day of the year. 

From the Ephemeris, find the moon's latitude and longi- 
tude for the given day, and put on a patch to represent its 
place ; then its rising, southing, and setting may be found 
the same way as the rising, &c., of the stars. 

EXAMPLES. 

1. Find the moon's rising and southing on December 
J^Jli, 1828, at London. 
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~Am. South 2 hre. 56 min. a.m. Rises 8 lira. 34 

2, Required the moon'B rising, southing, and setting at 
Newcastle, on December 28th, this year. 

PROBLEM XXVIII. 

To find the Time of the Year when the Sun or Moon will be 

liable to he eclipsed. 

1. Compare the sun's longitude, at the time of new 
moon, with the place of the moon's nodes : and if it bo 
within 18°, there may be an eclipse of the sun. 

2. Compare the same at the time of full moon ; and if it 
he within 12°, there may be an eclipse of the moon. 

Examples.— I. Was the sun eclipsed in April, 1828? 

Am. New moon happened on the I4th; the place of 
the moon's node on that day was ff 26° 15', the sun's lon- 
^tude was tv< S^° 29' ; hence the moon was within 2° of its 
node, and an eclipse took place. 

2. Was the moon eclipsed in December, 1838 ? 

Am. Full moon happened on the 30th: the moon's 
nodes on that day were jr 29° 21', and SI, 29° 21'; the 
sun's longitude nj 8° 25' : hence the moon was 99" 4' from 
its nearest node, and consequently no eclipse took place. 

3. Find, by the globe, what eclipses of the sun or moon 
^jdll happen this year. 

^^P PROBLEM XXIX. 

^^* To explain the Phenovuna of Harvest Moon. 

Elevate the globe for any northern latitude, suppose for 
Jfeweaetle. 

In September, when the sun is in the beginnbg of Libra, 

the moon, at full, must be in or near the beginning of 

Aries: and as the mean motion of tlic moon is 13" in a 

^^Uf put B patch on the first point of Aries, and another 
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18^ beyond it on the ecliptic : this last will point out the 
moon's place the first night after full. Its place on the 
second) third, &c., night may be found by putting more 
patches at the distance of 18° from each other. 

Bring the first patch to the horizon, and observe the 
hour, turn the globe till the second patch come to the 
horizon, and the index will show that it rises only seventeen 
minutes later than the former. Thus seventeen minutes is 
the difference of the moon's rising on two successive nights. 
The other patches will come to the horizon in little more 
than that time, after each other ; which shows that the dif- 
ference of the moon's rising several nights successively is 
little more than seventeen minutes each night. The differ- 
ence of the moon's rising for a week will not be two hours. 

The imall anglo which that part of the moon'g orbit makes with the 
horizon IB the reason of itf rising at that season^ for several evenings, 
with so small a difference of time. 

^hat {tart of the moon's orbit near Libra makes the greatest angto 
with the horiion | and the full moon that happens in Libra rises with 
the greatest difference of time. This may be seen by placing patehes on 
the globe, from the fiist of Librai to represent the moon's place for 
several successive nights, when it will be seen that the difference of 
rising in two evenings will be 1 hour 17 minutes. 

That point of the ecliptic which rises at the least angle with the hori- 
zon, sets at the greatest; and therefore when there if the least differenot 
in the time of rising, there will be found to be the greatest in the time 
of setting* 

EXAMPLES. 

Required the difference in the times of the harvest 
moon's rising for seven days successively, at 

1. Petersburg, 3. London, 

2. Edinburgh, 4. Gibraltar. 

PROBLEM XXX. 

To explain hy the Globe the Eqication of Time. 

Mearij or equal time, is measured by a clock that is 8up« 
posed to go without Tariation, and to measure exactly 



^tWOTty- 
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tmnty-fDiir Loure from noon to dood. Apparent time is 
that time as measured by o good sun-dial. 

The Bun'a motion being in the ecliptic, and not in the 
equator, and equal portions of the ecliptic passing over the 
meridian in unequal times, causes a diiference between 
e^vai and apparent time : tlie adjustment of this difference 
is called the eguatioR of time. 

To Bhoiv this upon the globe, make pencil miirlis all 
round the equator and ecliptic, at equal difitances (suppose 
15") from each other, beginning ivitli Aries. 

Then, on turning the globe, you will perceive that all 
th« marhs on the iirst quadrant of the ecliptic, that is, 
from Aries to Cancer, come sooner to the brass meridian 
than their corresponding marks on the equator, Now 
time, as measured by the dial, is represented by marks on 
the ecliptic; that meamrcd by a good clock, by those on 
the equator : hence, whilit the bur Is in the 6i'3t quarter of 
the ecliptic, the dial Is fkstfir than the clock. 

Oa turning the globe, it will be found that the marks on 
the second quarter of the ecliptic, that is, from Cancer to 
Libra, come to the meridian later than those on the equator, 
and consequently the gun is slower tliau the clock. So it 
toII be seen that, in the third qaarter, from Libra to Capri- 
corn, the sun is faster, and in the fourth quarter, from 
Capricorn to Aries, slower, than the clock. 

Tba eaith'f motiaa in itg oibjt uat being uuifonii, ii BOOtW canaa o{ 
aSkteace between mean and appBiiml time. The equation nf time ii 
giTea ht «eiy day in Wliiie'a Ephemerie, and in moBt almanBci. The 
dayi when the clock and lun ngree, oro April IClh, June l£>th, SepL 
lit, and Dec. 24 til. The da.js of greatest dilfeienca aca Feb. Itth, Uay 
IClh, July 26lh, and Kov. 3rd. 

QUESTIONS FOB HXAMlNiTlON IN SKCII0N8 HI. AND IV. 

What ii the literal ■igniflcaUoD of the ward pUmtLl How many 
liknetl HTS tbero, and in what order do thej move round Ihe inn) 
How many Me called iV*"*"" flatutt, and why are they lo ealled? 
WLioh of (hem are called mtpfWor p(tmett,aaA wli; are they w sailed! 
Which of them ore tailed Aitcroidt I 
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Are Mercury and Venus ever seen in the west in the morning; or in 
the east in the evening] Which of the phinets may be seen on the 
meridian at midnight] 

How do the phuiets appear to move as seen firom the earth ] What is 
the greatest distance^ in degrees, that Mercury and Venus eyer appear 
from the sun ] 

What is Mercury's mean distance from the sun] What is its diameter] 
How long does it take to turn round the sun ] How bng to turn on its 
own axis] What are the distances, diameters, and periods, of the other 
large planets] How much greater is the heat of the sun at Mercury 
than upon our earth] 

How may the planet Venus be known in the heavens ] What ap' 
pearance has it when viewed through a telescope ] At what rate does it 
move per hour] How much more light and heat do its inhabitants 
enjoy than we do ] At what rate does the earth move per hour] 

What is the name of that fluid which surrounds the earth ] What are 
some of the benefits which we derive from it ] 

What is the diameter of the moon, its distance from the earth, and the 
time of its revolution round the earth] What is the time between one 
new moon and another] Explain the phases of the moon. How much 
more light does the earth afford to the moon^ than the moon does to the 
earth] 

How may Mars be known in the heavens ] 

How much less light does the sun afford to Jupiter than to us ] How 
is this defect supplied ] 

What appearance has Saturn in the heavens] How many moons has 
Saturn ] In what respect does this planet differ from the others ] 

Which is the most remote planet yet discovered belonging to our 
system] How much light does the sun give to Uranus] How many 
moons belong to it] What peculiarities have they] 

What are the names of the minor planets] When was Ceres dis- 
covered ] Wherein do they differ from the other planets ] 

What are the parts of a comet] What is the usual form of the orbit 
of a comet ] Name the most remarkable comets of modem tunes ] What 
interesting fact has Encke*s comet revealed ] 

What is it that causes an eclipse of the moon ] Of the sun ] 

Supposing the north pole to be inhabited, how long would the inha- 
bitants uninterruptedly enjoy the light of the moon in winter] 

Within how many degrees of the nodes must the moon be, at the time 
of change, to produce an eclipse of the sun ] Within how many dogrees, 
at frdl moon, to produce an eclipse of the moon ] 

What is tiie greatest and least number of eclipses that can happen in 
any year, and bow many of these must be of the sun ] 
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How may the moon's orbit be represented on the globe ? How may 
the moon's diurnal motion in the ecliptic be found 1 

How may the moon's longitude for any hour be fomidl How may 
the moon*B place be found for any day and hourl 

How may the moon's rising and setting be found 1 How may the 
moon's age be found ? How is the moon's southing found 1 

How can it be found when the sun or moon is liable to be eclipsed ? 
Explain the phenomena of the harvest moon. How can the equation of 
time be explained by the globe ] 
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A TABLE 



Of 



THE LATITUDES AND LONGITUDES, 

PLACES MENTIONED IN THE PROBLEMS. 



Nama of Places, 


Sea or CourUry. 


Latitude, 


Longitude, 


Acapulco 


Mexico 


16° 50' N 


99° 46' W 


Adrianople 


Turkey 


41 45 N 


26 38 E 


Akerman 


Turkey- 


46 12 N 


30 12 E 


Alashka (S. Pt.) 


North America 


55 N 


160 W 


Aleppo 


Syria 


36 11 N 


37 10 E 


Alexandria 


Egypt 


81 13 N 


29 55 E 


Algiers 


Barbary 


36 48 N 


3 4 E 


Alicant 


Spain 


38 21 N 


28 W 


Amsterdam 


Holland 


52 22 N 


• 4 54 E 


Ancona 


Italy 


43 36 N 


13 32 E 


Aracan 


Trans-Gangetic India 


20 44 N 


93 26 E 


Archangel 


EuRsia 


64 34 N 


40 43 E 


Ascension (Is.) 


Atlantic Ocean 


7 56 S 


14 13 W 


Astracan 


Eussia 


46 30 N 


48 E 


Athabasca (B.) 


North America 


57 N 


111 20 W 


Athens 


Greece 


37 58 N 


23 43 E 


Ava 


Birmah 


21 51 N 


95 58 E 


Azof 


Eussia 


47 N 


39 E 


Azore (Is.) 


Atlantic Ocean 


38 N 


26 W 


Bagdad 


Turkey in Asia 


33 25 N 


44 35 E 


Barbadoes 


West Indies 


13 5 N 


59 43 W 


Barcelona 


Spain 


41 25 N 


2 9 E 


Bastia 


Corsica 


42 41 N 


9 26 E 


Batavia 


Java 


6 9 S 


106 52 E 


Benares 


India 


25 20 N 


83 2 £ 


Bencoolen 


Sumatra 


3 48 S 


102 E 


Bender 


Russia 


46 45 N 


29 40 E 


Bergen 


Norway 


60 24 N 


5 20 £ 


Berlin 


Prussia 


52 31 N 


13 12 £ 


Bermudas 


Atlantic Opean 


32 22 N 


64 30 W 



PLACES MENTIONED IN THE PROBLEMS. 
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Jfama of Placet, 
Beme 

Belurlng*! Island 
Bilboa 
Binningbam 
Bombay 
Borneo 
Boiton 
Botany Bay 
Bordeaux 
Bremen 
Brest 
Bristol 

Buenos Ayres 
Bmsa 
Cadb 
Caen 
Cairo 
CaUui 
Calcutta 
Calicut 
CaUibmia 
Canary (Is.) 
Candia 
Canton 
C. Blanco 
C. Bojador 
C. Charles 
C. Charles 
C. Chudleigh 
C. Coast Castle 
C. Comorin 
C« Farewell 
C, Fmisterre 
C. Good Hope 
C. Horn 
C. Matapan 
C. South 
C. St. Mary 
C. St Eoque 
C. Vela 
C. Verd 



Sea or Country , 
Switzerland 
Pacific Ocean 
Spain 
England 
India 

Pacific Ocean 
United States 
New Holland 
France 
Germany 
France 
England 
South America 
Asia Minor 
Spain 
France 
Egypt 
France 
India 

Malabar^ India 
North America 
Atlantic Ocean 
Candia Is. Mediter, 
China 
Africa 
AMca 
Labrador 
United States 
Labrador 
Guinea 
India 
Greenland 
Spain 
Africa 

South America 
Greece 
New Zealand 
Madagascar 
Brazil 

South America 
North Atlantic 



Xjatitvds, 
46°56'N 
£15 N 

43 14 N 
:f2 29 N 
18 54 N 

4 55 N 
42 24 N 
84 S 

44 50 N 
53 5 N 

48 23 N 

51 27 N 

34 36 S 
40 10 N 

36 32 N 

49 10 N 
30 N 

50 56 N 

22 34 N 

11 15 N 

27 N 

28 15 N 

35 18 N 

23 8 N 
21 20 N 
26 12 N 

52 20 N 

37 14 N 
60 30 N 

5 15 N 
8 5 N 

59 45 N 
42 54 N 
84 30 S 
55 25 S 

36 23 N 
47 S 
25 35 S 

5 S 

12 5 N 
16 N 



LongUvde, 
I'' 81' B 

166 B 
2 44W 

1 52W 
72 M B 

114 55 E 

71 3W 
151 14 K 

35W 

8 48 B 
4 29W 

2 85W 
60 OW 
29 5 B 

6 17W 

26W 
31 19 B 

1 47 B 
88 28 B 
75 52 E 

113 OW 
15 50 W 
25 18 E 

113 2 E 

17 20 W 
14 26 W 
55 45 W 
75 52 W 
64 30 W 

2 SOW 
77 44 E 
47 50 W 

9 16W 

18 28 E 
60 80 W 
22 29 E 

167 20 E 
45 20 E 
36 OW 

72 9 W 
24 OW 
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TABLB OP 



NatMi rfPlaces^ 

C. Wrath 

Carlisle 

Garlscroiia 

Casan 

Cashgar 

Cayenne 

Charleston 

Cherson 

Christiania 

Christiansand 

ChiUtmas (Is.) 

Churchill (Fort) 

Colombo 

Constantinople 

Cook's Strait 

Copenhagen 

Coppermine B. mouth. 

Corinth 

Cork 

Corsica 

Coronna 

Damascus 

Dantzic 

Darien (Isth.) 

Delhi 

Demerara 

Disco (Is.) 

Dover 

Dresden 

Dublin 

Dunkirk 

East Cape 

Easter Island 

Edinburgh 

Elsinore 

Endeavour (B.) 

Falkland (Is.) 

Ferro 

Formosa (Is.) 

Frankfort on Main 

Friendly (Is.) 

Chnera 



Sea or CowUry, 

Scotland 

England 

Sweden 

Siberia 

Chinese Tartary 

French Ghiayana 

United States 

Bussia 

Norway 

Norway 

Pacific 

Hudson's Bay 

Ceylon 

Turkey 

New Zealand 

Denmark 

North America 

Greece 

Ireland 

Mediterranean 

Spain 

Syria 

Prussia 

America 

India 

South America 

Davis's Strait 

England 

Saxony 

Ireland 

France 

Siberia 

Pacific Ocean 

Scotland 

Denmark 

New Holland 

Atlantic 

Canaries 

Pacific 

Prussia 

Pacific 

Switzerland 



Latitude, 
58°36'N 

54 52 N 
56 10 N 

55 44 N 

40 55 N 
4 50 N 

82 50 N 
46 52 N 
59 55 N 
58 8 N 

1 57 N 

58 48 N 

7 2 N 

41 1 N 

41 S 
55 41 N 
69 N 
37 58 N 
51 55 N 

42 12 N 

43 23 N 

83 27 N 
55 20 N 

9 N 
28 40 N 

6 N 
69 50 N 
51 7 N 
51 2 N 
53 23 N 
51 2 N 
67 N 
27 9 S 

55 57 N 

56 2 N 
15 25 S 
51 24 S 
27 47 N 
23 30 N 
50 8 N 
19 S 
46 12 N 



Longitude. 

4° 5rw 

2 55W 
15 82 E 
49 8 E 
72 50 E 
52 15 W 
80 OW 
32 48 E 
10 48 E 
8 3 E 

157 35 W 
93 12 W 
79 55 E 
28 55 E 

175 E 
^2 35 E 

115 80 W 
22 54 E 

8 82 W 

9 E 
8 18 W 

36 25 E 
18 38 E 
77 30 W 
77 5 E 

58 16 W 
54 30 W 

1 19 E 
13 43 E 

6 20 W 

2 22 E 
170 E 
109 25 W 

3 11 W 
12 38 E 

145 17 E 

59 56 W 
17 47 W 

121 E 
8 34 E 

174 OW 
a 9 B 



iTamn^PtMm. 


S» or CiH«lry. 


Latihtdt. 


Lo«Sfilud>. 


OaiM 


Italy 


44=25' K 


8°6S'B 


Gibnltu 


Spain 


se 6 H 


6 21W 


6nola<I«.) 


li,di«,Oc«m 


40 N 


137 40 E 


ei«go* 


Scotland 


B6B1 N 


4 16W 


Qottenbnrg 


Sweden 


61 42 K 


11 47 B 




Germany 


61 31 N 


9 66 E 


Qfceonch 


England 


Gl 28 N 





ft»U1<mpe (I^) 


Caribbeao Sea 


18 1BN 


61 45 W 


Omm (I^) 


Kotth Pacific 


13 20 H 


146 80 B 


H>Ii&z 


Nora Scotia 


44 40 H 


68 55W 


HwnbMg 


Germany 


63 32 M 


58 B 


HanoTeT 


Germany 


E2 30 H 


9 30 B 


H>y>nnah 


Wetl Indiei 


23 S If 


82 36 W 


Havre deOrace 


Pran» 


49 30 K 


6 B 


Httla (Mount) 


Iceland 


63 G2 N 


IS 46 W 


BtDomingc. 
HdU 


1 West Indie. 


18 SO N 


60 49 W 


England 


53 45 K 


e20W 


IrkotA 


Anatic Emma 


62 16 N 


104 B 


Iicanderoon 


Syria 


37 N 


86 20 E 


Inuul 


EQMia 


46 21 N 


28 60 E 


Iipahan 


Persia 


32 25 N 


61 60 E 


J>g° 


Cape Verf I.Und, 


Ifi 10 N 


23 SOW 




West Indiei 


18 10 N 


77 15 W 


Jeddo ar Tedda 


Japan Iilandi 


3S 2B N 


140 B 


Jcnudem 


Syria 


31 48 N 


35 14 B 


Jeuo 


Japan Sea 


42 2 N 


143 18 E 


Jnsn Fcmandei 


Pacific 


33 40 8 


78 68 W 


ItMgueler. a.-) 


Indian Ocean 


48 41 S 


69 2 B 


EmgMon 


Jamaica 


18 N 


76 46 W 


Konipberg 


Pn«ia 


M 42 N 


20 29 B 


I-dron.(U) 


ChineieBea 


21 57 N 


118 43 E 


luouter 


England 


54 4 N 


2 46 W 


U«s 


Tibet 


S9 SO N 


91 6 B 


Whora 


ItJj 


43 33 N 


10 16 B 


LeiF^c 


Saiony 


61 20 N 


12 21 B 


Um> 


Pem 


12 3 B 


77 17 W 


Uibon 


Portugal 


88 42 N 


9 8W 


LiTerpool 


England 


63 24 N 


2 68W 


Luird Faint 


England 


40 67H 


6 11 W 


I^don 


England 


61 SO N 


5 W 


Lobeck 


a«™ny 


ESel N 


10 4S 1 
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Ifamit qf Plaeu. 


Seaor CouMby. 


LaHiM^ 


Langiimde, 


Ljcmf 


Fnmoe 


45°47'N 


4°46'B 


Mboo 


China 


2^ 10 N 


118 81 B 


Madagatoff (N. Pt) 


Indian Ocean 


1 80 S 


46 20 B 


Madeira (la.) 


North Atlantic 


8 87 N 


16 58 W 


Madras 


India 


4 N 


80 22 B 


Madrid 


Spain 


40 25 N 


3 88W 


Magdeburg 


Saxony 


52 8 N 


11 88 B 


Magellan's Strait 


South America 


5 24 S 


69 OW 


Mainland 


Shetland 


60 80 N 


1 SOW 


Mabcca 


Bast Indies 


2 20 N 


102 5 B 


Malaga 


Spain 


86 43 N 


4 25W 


Malta 


Meditenanean 


85 53 N 


14 80 B 


Manilla 




14 6 N 


120 58 B 


Marquesas 


Pacific Ocean 


9 0S 


140 OW 


Maneilles 


France 


43 17 N 


5 22 B 


Martinique 


West Indies 


14 85 N 


61 5 W 


Manritias 


Indian Ocean 


20 9 S 


57 22 B 


Mecca 


Arabia 


21 18 N 


40 16 B 


Medina 


Arabia 


24 40 N 


89 40 B 


Melville (Is.) 


Polar Sea 


75 N 


110 OW 


Memel 


Prussia 


55 42 N 


21 8 B 


Mexico 


North America 


19 25 N 


99 5 W 


Mindanao 


Philippine Islands 


7 80 N 


125 B 


Mocha 


Arabia 


18 20 N 


43 20 B 


Moscow 


Bussia 


55 50 N 


87 40 B 


Munich 


Germany 


48 8 N 


11 86 B 


Kankin 


China 


82 4 N 


118 47 B 


Naples 


Ital 


40 50 N 


14 15 B 


Narbonne 


France 


48 15 N 


8 B 


Narym 


Siberia 


58 80 N 


88 B 


KaTBrino 


Greece 


86 58 N 


21 45 B 


Kavigators* Islands 


South Pacific Oeean 


14 9 S 


169 IW 


Newcastle 


Bngland 


54 58 N 


1 87W 


New Caledonia 


South Pacific Ocean 


22 S 


166 B 


New Orleans 


United States 


29 57 N 


90 11 W 


New Tork 


United States 


40 42 N 


78 59 W 


Nice 


Italy 


43 41 N 


7 16 B 


Nootka Sound 


North America 


49 85 N 


126 87 W 


Norfolk (Is.) 


South Pacific Ocean 


29 1 S 


168 10 B 


North Oape 


Lapland 


71 10 N 


26 B 


Nova Zembla 


Arctic Ocean 


72 N 


60 B 


O^otik 


Siberia 


59 20 N 


148 12 B 



LATITUDE AND LONGITUDE. 
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Ifmmit qf PlaetB. 
Ofamto 
Oonalashka 
Oporto 
Oun 

Oniiiz (Is.) 
Otaheite 

Oviiyliee (N. point) 
Oxford 

PSBSIDA 

PiBxanuuibo 
Pans 
Pegu 
Pekin 
Pelew (Is.) 



Petenbnig 

PhOadelplua 

Philippme (Is.) 

Pko 

Pitcaim's Islands 

Plymouth 

Poictiera 

Polotsk 

Pondicherry 

Porto Bello 

Port Jackson 

Port Mahon 

Port Boyal 

Port Sir Fr. Drake 

Portsmouth 

Potod 

Prague 

Presbnig 

Quebec 

Queen Charlotte's Sd. 

Queen Charlotte's Is. 

Quito 

ReTol 

Rhode (Is.) 

Rhodes (Li.) 

Biga 

£io Janeiro 



Sea or Country, 

■Austria 

North Pacific Ocean 

Portugal 

Africa 

Persian Ghilf 

Society Isles 

Sandwich Islands 

England 

America 

South America 

France 

Birmah 

China 

Pacific Ocean 

Fiance 

Bussia 

United States 

Pacific 

Azore Islands 

Pacific Ocean 

England 

France 

Bussia 

India 

South America 

New Holland 

Minorca 

Jamaica 

New California 

England 

Bolivia 

Austria 

Austria 

Canada 

New Zealand 

North Pacific 

Colombia 

Bussia 

United States 

Archipelago 

Bussia 

Brasil • 



Latitude. 
49° 83' N 
53 30 N 

41 8 N 

85 50 N 
27 7 N 
17 29 S 
20 17 N 
51 45 N 

8 58 N 
6 N 

48 50 N 

17 45 N 

89 55 N 

6 53 N 

42 42 N 
59 56 N 
89 56 N 
12 N 

38 38 N 
25 4 S 
50 22 N 
46 35 N 
55 30 N 
11 56 N 

9 34 N 
83 40 S 

39 51 N 
17 58 N 
38 45 N 
50 48 N 
19 45 S 
50 5 N 
48 12 N 
46 47 N 
41 6 S 
53 N 

13 S 
59 27 N 
41 80 N 

86 27 N 
66 57 N 
22 53 S 



Longitude, 

17° 9' E 

167 50 W 

8 37W 

18 W 
56 37 E 

149 36 W 
155 58 W 

1 15W 
79 27 W 
55 30 W 

2 20 E 
96 20 E 

116 28 B 

134 21 B 

2 56 E 

30 18 E 

75 11 W 
122 E 

28 33 W 

130 25 W 

4 7W 

21 E 
28 84 E 
79 54 E 
79 43 W 

151 E 
4 18 E 

76 52 W 
122 15 W 

1 5W 
67 40 W 
14 25 E 
17 2 E 
71 9 W 

174 40 E 
132 OW 
78 21 W 
24 53 B 
71 20 W 
28 13 B 
24 7 E 
43 12 W 
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TABLE OP 



Name* pf Plaett* 
Bochelle 
Borne 
Samarcand 
Bandwkli (Is.) 
Santa Fe de Bogota 
Seyem House 
Shiraz 
Shrewsbury 
Siam 

Sierra Leone 
Singapore 
Smyrna 
Society Islands 
Spitzl)ergen 
St. Cbristopher"! (Is.) 
St Helena 
St. John's 
St Male 
St. Paul's (Is.) 
St Salvador 
Stockholm 
Stralanmd 
Stra^urg 
Surat 
SuruMUB 
Syracuse 
Tenerifife 
Tinian (Is.) 
Tobago 
Tobolsk 
Tomsk 
Tongataboo 
Tomea 

Torres Straits 
Toulon 
Tranquebar 
Trincomake 
Trinidad (Is.) 
TnudUo 
Tunis 
Turin 
Vho 



Sea or dnuUiy, 

France 

Italy 

Tartary 

Pacific Ocean 

Colombia 

Hudson's Bay 

Persia 

England 

India 

Africa 

Malaya 

Asia Minor 

Pacific Ocean 

Arctic Oceaa 

West Indies 

South Atlantic 

Newfoundland 

France 

Indian Ocean 

West Indies 

Sweden 

Prussia 

France 

India 

Guayana 

Sicily 

Canaries 

Ladrone Islands 

West Indies 

Bussia 

Siberia 

Friendly Isles 

Bussian Finland 

New GKiinea 

France 

India 

Ceylon 

West Indies 

Peru 

Afirica 

Italy 

Germany • 



LaitUiide. 
46° 9' N 
41 58 N 
89 87 N 

20 N 

4 87 N 
56 10 N 
29 45 N 
52 42 N 

14 80 N 
8 80 N 
1 30 N 

88 25 N 
17 S 
79 N 
17 2 N 

15 55 S 

47 83 N 

48 40 N 
88 42 S 
24 20 N 
59 20 N 
54 18 N 

48 82 N 

21 10 N 

5 N 
37 2 N 
28 17 N 
15 N 
11 15 N 
58 N 
56 80 N 
21 7 S 
65 50 N 
10 S 
43 7 N 
HON 

8 83 N 
10 80 N 

8 0S 
36 44 N 
45 5 N 

49 54 N 



Longitude, 
r 9'W 

12 29 E 
64 9 E 

157 OW 

74 low 
88 OW 
52 15 B 

2 43W 
101 10 E 

13 15 W 
104 E 

27 6 B 

151 OW 

16 E 

62 43 W 

5 43W 
52 89 W 

2 OW 

77 18 E 

75 40 W 
18 3 E 
18 3 E 

7 45 E 
73 12 E 
55 30 W 

15 16 E 

16 29 W 
146 E 

60 40 W 
68 15 E 
84 10 E 

175 12 W 

24 12 E 

142 E 

6 55 E 
79 53 E 
81 22 E 

61 80 W 

78 35 W 
10 22 E 

7 40 E 

8 8 E 
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Namu of PloMt, SeaorCowKh^, LoHtttde, Longitttde. 

Upsal Sweden 60° 0' N 17° 80' B 

Uahant (Is.) France 48 28 N 5 8 W 

Valencia Spain 89 21 N 17 W 

^hJJT?';:^'* !«-=«^ ^2 54 8 147 27 B 

Venice Italy 45 26 N 12 20 B 

Vera Gniz Mexico 19 11 N 96 8 W 

VesuTiiu (Ht) Italy 40 48 N 14 27 B 

Vienna Germany 48 12 N 16 22 B 

Vologda Bussia 59 10 N 40 5 B 

Warsaw Poland 52 12 N 21 B 

Washington United States 88 55 N 76 58 W 

Tarmouth Bngland 52 37 N 1 44 E 

York England 53 57 N 1 5 W 



6 2 
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TABLE I. 
Showing the Declination of the Sun for every Day in the Tear. 







peb. 


M0N1 


?HS. 
April. 






Jan. 


Marcb. 


May. 


June. 


Days 


South. 


So utb. 


S. & N. 


North. 


North. 


North. 


1 


23° 3' 


17^12' 


7° 43' 


4° 23' 


14^57' 


2-2' (Y 


2 


22 58 


16 55 


7 21 


4 47 


15 15 


22 8 


3 


22 53 


16 38 


6 58 


5 10 


15 33 


22 16 


4 


22 47 


16 20 


6 35 


5 33 


15 51 


22 24 


5 


22 40 


16 2 


6 12 


5 55 


16 8 


22 31 


6 


22 33 


15 44 


5 48 


6 18 


16 25 


22 37 


7 


22 26 


15 25 


5 25 


6 41 


16 42 


22 43 


8 


22 18 


15 6 


5 2 


7 3 


16 59 


22 49 


9 


22 10 


14 47 


4 38 


7 26 


17 15 


22 55 


10 


22 I 


14 28 


4 15 


7 48 


17 31 


23 


11 


21 52 


14 8 


3 51 


8 10 


17 47 


23 4 


12 


21 43 


13 49 


3 28 


8 32 


18 2 


23 8 


13 


21 33 


13 29 


3 4 


8 54 


18 17 


23 12 


14 


21 23 


13 8 


2 41 


9 16 


18 32 


23 16 


15 


21 12 


12 48 


2 17 


9 37 


18 46 


23 19 


16 


21 1 


12 27 


1 53 


9 59 


19 


23 21 


17 


20 49 


12 6 


1 30 


10 20 


19 14 


23 23 


18 


20 37 


Jl 45 


1 6 


10 41 


19 28 


23 25 


19 


20 25 


11 24 


42 


11 2 


19 41 


23 26 


20 


20 12 


11 3 


19 


11 23 


19 54 


23 27 


21 


19 59 


10 41 


5N 


11 43 


20 6 


23 28 


22 


19 46 


10 20 


29 


12 4 


20 18 


23 28 


23 


19 32 


9 58 


52 


12 24 


20 30 


23 28 


24 


19 18 


9 36 


1 16 


12 44 


20 42 


23 27 


25 


19 3 


9 13 


1 40 


13 3 


20 53 


23 26 


26 


18 48 


8 51 


2 3 


13 23 


21 4 


23 24 


27 


18 33 


8 29 


2 27 


13 42 


21 14 


23 22 


28 


18 18 


8 6 


2 50 


14 1 


21 24 


23 20 


29 


18 2 




3 14 


14 20 


21 34 


23 17 


80 


17 46 




3 37 


14 39 


21 43 


23 14 


31 


17 29 




4 




21 52 
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TABLE I. (concluded.) 
Showing the Declination of the Sun for every Day in the Year. 





MONTHS. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Bays. 


North. 


North. 


N.&S. 


South. 


South. 


South. 


1 


23° 10' 


18° 10' 


8° 28' 


3° 1' 


14° 19' 


21^46' 


2 


23 6 


17 55 


8 6 


3 24 


14 38 


21 55 


3 


23 2 


17 39 


7 44 


3 48 


14 57 


22 4 


4 


22 67 


17 24 


7 22 


4 11 


15 16 


22 13 


5 


22 62 


17 8 


7 


4 34 


15 35 


22 21 


6 


22 46 


16 52 


6 38 


4 67 


15 53 


22 28 


7 


22 40 


16 35 


6 15 


6 20 


16 11 


22 35 


8 


22 34 


16 18 


5 53 


5 43 


16 29 


22 42 


9 


22 27 


16 1 


5 30 


6 6 


16 46 


22 48 


10 


22 20 


15 44 


5 7 


6 29 


17 3 


22 54 


11 


22 12 


15 26 


4 45 


6 52 


17 20 


23 


12 


22 4 


15 9 


4 22 


7 15 


17 37 


23 5 


13 


21 56 


14 51 


3 59 


7 37 


17 53 


23 9 


14 


21 47 


14 32 


3 36 


8 


18 9 


23 13 


16 


21 38 


14 14 


3 13 


8 22 


18 25 


23 17 


16 


21 28 


13 55 


2 50 


8 44 


18 40 


23 20 


17 


21 18 


13 36 


2 26 


9 7 


18 55 


23 22 


18 


21 8 


13 17 


2 3 


9 29 


19 9 


23 24 


19 


20 58 


12 57 


1 40 


9 50 


19 24 


23 26 


20 


20 47 


12 38 


1 16 


10 12 


19 38 


23 27 


21 


20 36 


12 18 


1 63 


10 34 


19 52 


23 28 


22 


20 24 


11 58 


30 


10 55 


20 5 


23 28 


23 


20 12 


11 38 


6 


11 16 


20 18 


23 28 


24 


20 


11 17 


17S 


11 37 


20 30 


23 27 


25 


19 47 


10 57 


41 


11 58 


20 42 


23 26 


26 


19 34 


10 36 


1 4 


12 19 


20 54 


23 24 


27 


19 21 


10 15 


1 28 


12 40 


21 5 


23 22 


28 


19 7 


9 54 


1 51 


13 


21 16 


23 19 


29 


18 53 


9 83 


2 14 


13 20 


21 27 


23 16 


30 


18 39 


9 11 


2 38 


13 40 


21 37 


23 13 


31 


18 25 


8 50 




14 




23 9 
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TABLE II. 



Of the Sun's Might Ascension. 





Dayt. 


Jan. 


Feb. 


March. 


April. 


May. 


June. 


Days. 




H. M. 


B. V. 


H. H. 


H. M. 


MXm JuL* 


H. K. 




1 


18 43 


20 56 


22 49 


43 


2 34 


4 37 


1 




2 


18 48 


21 


22 53 


46 


2 38 


4 41 


2 




3 


18 52 


21 4 


22 56 


50 


2 42 


4 45 


3 




4 


18 57 


21 8 


23 


54 


2 45 


4 49 


4 




5 


19 1 


21 12 


23 4 


57 


2 49 


4 53 


5 




6 


19 6 


21 16 


23 8 


1 1 


2 53 


4 57 


6 




7 


19 10 


21 20 


23 11 


1 4 


2 67 


5 1 


7 




8 


19 14 


21 24 


23 15 


1 8 


3 1 


5 5 


8 




9 


19 19 


21 28 


23 19 


1 12 


3 5 


5 9 


9 




10 


19 23 


21 32 


23 22 


1 16 


3 9 


5 14 


10 
11 




11 


19 27 


21 36 


23 26 


1 19 


3 12 


5 18 




12 


19 32 


21 40 


23 30 


1 23 


3 16 


5 ii2 


12 




13 


19 36 


21 4 4 


23 33 


1 26 


3 20 


5 26 


13 




14 


19 40 


21 4 8 


23 37 


1 30 


3 24 


5 30 


14 




15 


19 45 


21 5 2 


23 41 


1 34 


8 28 


5 34 


15 




16 


19 49 


21 5 6 


23 44 


1 38 


3 32 


5 38 


16 




17 


19 53 


21 5 9 


23 48 


1 41 


3 36 


5 43 


17 




18 


19 57 


22 3 


23 52 


1 45 


3 40 


5 47 


18 




19 


20 2 


22 7 


23 55 


1 49 


3 44 


6 61 


19 




20 


20 6 


22 11 


23 59 


1 52 


3 48 


5 55 


20 
21 




21 


20 10 


22 15 


3 


1 56 


3 52 


5 59 




22 


20 15 


22 19 


6 


2 


3 56 


6 3 


22 




23 


20 19 


22 23 


10 


2 4 


4 


•6 8 


23 




24 


20 23 


22 27 


13 


2 7 


4 4 


6 12 


24 




25 


20 27 


22 30 


17 


2 11 


4 8 


6 16 


25 




26 


20 31 


22 34 


21 


2 15 


4 12 


6 20 


26 




27 


20 35 


22 38 


24 


2 19 


4 16 


6 24 


27 




28 


20 40 


22 42 


28 


2 22 


4 20 


6 28 


28 




29 


20 44 


22 45 


32 


2 26 


4 24 


6 33 


29 




30 


20 48 




35 


2 30 


4 28 


6 37 


30 


) SI J20 52 1 


1 39 1 




4 82 




31 
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TABLE II. (concluded.) 
Of the Sun's Right Ascension. 



Days. 


Jidy. 


Aug. 


Sept 


Oct 


Nov. 


Dec. 


Days. 


H. M. 


H. M. 


H. V. 


H. H. 


H. H. 


H. H. 


1 


6 41 


8 46 


10 42 


12 30 


14 26 


16 30 


1 


2 


6 45 


8 49 


10 45 


12 33 


14 30 


16 34 


2 


3 


6 49 


8 53 


10 49 


12 37 


14 34 


16 39 


3 


4 


6 53 


8 57 


10 53 


12 41 


14 38 


16 43 


4 


5 


6 57 


9 1 


10 56 


12 44 


14 42 


16 48 


5 


6 


7 1 


9 5 


11 


12 48 


14 46 


16 52 


6 


7 


7 6 


9 9 


11 3 


12 52 


14 50 


16 56 


7 


8 


7 10 


9 12 


11 7 


12 55 


14 54 


17 


8 


9 


7 14 


9 16 


11 Jl 


12 59 


14 58 


17 5 


9 


10 
11 


7 18 


9 20 


11 14 


13 3 


15 2 


17 9 


10 
11 


7 22 


9 24 


11 18 


13 6 


15 6 


17 14 


12 


7 26 


9 28 


11 21 


13 10 


15 10 


17 18 


12 


13 


7 30 


9 31 


11 25 


13 14 


15 14 


17 23 


13 


14 


7 34 


9 35 


11 29 


13 18 


15 18 


17 27 


14 


16 


7 38 


9 39 


11 32 


13 21 


15 22 


17 31 


15 


16 


7 42 


9 43 


11 36 


13 25 


15 27 


17 36 


16 


17 


7 46 


9 46 


11 39 


13 29 


15 31 


17 40 


17 


18 


7 50 


9 50 


11 43 


13 32 


15 35 


17 45 


18 


19 


7 54 


9 54 


11 47 


13 36 


15 39 


17 49 


19 


20 
21 


7 58 


9 58 


11 50 


13 40 


15 43 


17 54 


20 
21 


8 2 


10 1 


11 54 


13 44 


15 47 


17 58 


22 


8 6 


10 5 


11 57 


13 48 


15 52 


18 3 


22 


23 


8 10 


10 9 


12 1 


13 51 


15 56 


18 7 


23 


24 


8 14 


10 12 


12 5 


13 55 


16 


18 11 


24 


25 


8 18 


10 16 


12 8 


13 59 


16 4 


18 16 


25 


26 


8 22 


10 20 


12 12 


14 3 


16 9 


18 21 


26 


27 


8 26 


10 23 


12 15 


14 7 


16 13 


18 25 


27 


28 


8 30 


10 27 


12 19 


14 11 


16 17 


18 29 


28 


29 


8 34 


10 31 


12 23 


14 14 


16 22 


18 34 


29 


80 


8 38 


10 34 


12 26 


14 18 


16 26 


18 38 


30 


31 


8 42 


10 38 




14 22 




18 42 


81 
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TABLE III. 
Oj the mean Right Atemtiont in Time, Deelinationa, and 
Magnitadat, of forty remarkahle Fixed Stare, with their 
Names and literal Characters. 



Mamei of the Stara. 



ct. ; 



Pole Slar, Alruccabah 

Andromeda's Girdle, Miracb... 
Andromeda's Font. Alujoach.., 

Ram'a Following Horn 

Whale'i Jaw, Menkar 

McdulVa Hond, Algoi 

Pareeua's Side, Algemb 

BrighleM of ileSavfln Slara... 

BuU'a Bye, Aldebaian 

Auriga's Sbiinlder, Ga|>ella 

Onon'i Left Foot, Klgel 

Bnll's North Horn 

Orion's Left Sbonlder, Bellatrii .. 

Orion'* Girdle 

Orion's BJgbt ShoDld. BelelgnsM < 

Qieat Dog, Sirina 

Pirat Twin, Caator 

Little Dng, Procyon 

Second Twin, Pollm 

Hjdra'a Heart, Alphard. , 

Uou'b Heart. Begnliu 

Oreat Bear, Lower Pointer 

Steot Bear, Opper Pointer ..... 

Lion's Tail, Deneb 

Great Beai'a Tail, Alioth 

Virgin's Spike 

Dragon'a TaU 

Bootes ATctums...,. 

Libra, South Scale 

Libra, Nottb Scale 

North Crown 

Scorpion's Heart, Antaroa 

Hercules' Head, TUs Algethi .. 

Head of Serpentariua 

Dragon'a Head, SoslabeD 

The Harp, Ljra 

The Eagle, Atair 

8. Fisb, Fomalhaut 

Pegasus' Wing, Markab.. 

/ Andmmedit'a Head 



Kt. Ascen. 



Declinat. 



1 


es 


122 


m N 


^ 


61 


S 


la N 


'i 


S5 


4(1 


10 N 


M 


10 


4(1 


8 N 






?;i 


29 N 




2* 


i« 


6 N 


t> 


2 


4S 


47 N 


i> 


G 






f. 


14 






fi 


14 






fi 


ss 


1 


20 S 


S 


44 


1 


m N 


fl 


8(1 


1« 


27 B 


7 


22 


H'^ 


IB N 


7 


29 


fi 


44 N 


7 




'/:H 


SO n 


» 


IT 


7 


47 S 


It 


58 






10 


50 


S7 


27 N 


10 


m 


ffii 


nn N 


n 


SB 


!.■< 


42 H 


n 


46 


m 


3 N 


la 


IE 


in 


7 8 


IK 


59 




20 N 


u 


6 


9n 


14 H 


14 


40 






in 


e 


H 


SR a 


ifi 


26 


y; 


24 N 




17 


v,.^ 


fia R 


17 


5 


14 


as N 


IV 


26 


IV 


43 N 


17 


62 




31 N 


IH 


30 




3S N 


IH 


4] 




21 N 


9'/: 








■i2 


65 


u 


7 N 


Ti 


68 


IJU 


10 N 



POPULAK SCHOOL BOOKS 

PUBLISHED BT 

SIMPKIN, MARSHALL, AND CO. 



Braces' Introductioii to Geography and Astronomy, 

with the Use of the Globes. Bv E. and J. Bruce. 10th Edition. Containing, 
beridee other Additions, an Epitome of Ancient Geography, by the Rev. J. C. 
Brace, A.lf., with the addition of Thirty Woodcuts illustrative of the Con- 
atdhHLfcMW, and other portions of the Work. 12ino, 6«., roan lettered. 

Key to the ahove. 12mo, 2«. 6d., cloth lettered. 
Braces* Hand-Book of English Histoiy ; 

*»'*»rf«H»if; of an Epitome of the Annals of the Nation, and a SeaAea of 
Qneitlons upon each Period. By the Rev. J. C. Bruce, A.M. 13roo, 
iedL, bound. 

Edwards* Greek Delectus ; 

Or, First Lessons in Greek Construing ; adapted to the Rules of Syntax of the 
Eton Greek Grammar ; with Notes on some Peculiar Passages, and a Lexicon 
Verbonun. 5ih Edition, 12mo, 3«. fid., cloth lettered. 

This small volume forms one of the easiest and best Introductions to Greek 
Constniing. It consists of Two Parts— the First is made up of most appro- 
priate Examples to illustrate the Rules of Greek Syntax ; the Second is a Mis- 
oUsoiy of Moral Sentences and Brief Histories, from the works of the best 
Gnak Ontoxs, PhikMophers, Historians, and Poets. The whole is well 
dlpted, and wiU be iound most useful to Instructors as well as Scholars. 

Key to the above. 12mo, 4«. 6d., cloth lettered. 
Edwards* Odes of Anacreon, the Teian Bard, 

LiteraUj translated into English Prose, from the best Text: with the Original 
Greek, Metres, Ordo, and English Accentuation, and Critical and Explanatory 
Notai, 12mo, 6s., boards. 

Jacobs' (Frederick) Latin Reader, 

Put I. : a Sdeetkm of Classical Beauties, ftom Phsedrus and the best Latin 
HiMoiians. 11th Edition, with the addition of the Quantity where requisite, 
md of Notes, pointing out the Derivation and Construction of difficult words, 
IteOb U. 6d., doth lettoml. 

Jacobs' Latin Beader, 

Pvt IL : Selections firom the Works of Cicero, Livy, Nepos, Justin, and 
oChfln, by which the pupil is at once introduced to the fine passages and pure 
wiiten of antiquity without encountering difficulties beyond his strength. 
7th editioa, to which, jn many instances, the Quantity has been added, and 
MOCet where essential, l2mo, 3*., cloth lettered. 

Phiedras* Fables Construed, 

Far tbm uae of Grammar Schools. 12mo, 3«., cloth. 

Phsdri Angosti Liberti Fabulse ^sopisB, 

Ad Editkmem Schwabii, psene descriptse. I8mo, Is. 6d.t cloth. 

N.B«— This is the only edition of Phsedrus which corresponds exactly with 
Uw " Ph«drus canstrued, for the use of Grammar Schools.** 

SchreTelins' Greek and English Lexicon (Yalpy^s), 

Tranilatad into English : with many New Words added. Edited by Dr. Midor, 
HflSd Maaterof King's College, London. 7th Edition, improved by the fur- 
flier additkm of many Words, and a much extended variety of Meamngs, 8vo, 
Ui;, doth lettered. 

Xenophon's Anabasis, in English, by Spelman. 

Cyrus' Expedition into Persia, and the Retreat of the Ten Thousand Greeks, 
tmulated nroni the Greek of Xenophon, by E. Spelman. 12roo, At. 6d., doth. 



POPULAB SCHOOL BOOKS. 



Allison's (Miss M. A.) Child's French Friend; 

Being Grammar, Exercises, and Vocabulary, for the Use of Children. New 
Edition, 18mo, 2«., cloth lettered. 

Allison's La Petite Francaise ; 

Or, Vocabulary, Exercises, and Easy Reading Lessons : intended as a Com- 
panion to the *' Child's French Friend." New Edit. 18mo, 2«., cloth lettered. 
One of the objects of this work is to impress the vocabularies of nouns and 
verbs upon the pupil's mind: with this view the Authoress has inserted a series 
of exercises, to be committed to memory, in which they are all repeated. 

Bland's (Rev. R.) Elements of Latin Hexameters and 

Pentameters. 19th Edition, accurately revised and corrected throughout, 12mo, 
3«., cloth lettered. 

Key to the above. New Edition, 12mo, 5«., cloth lettered. 
Carey's (Dr. John) Latin Versification Simplified, 

And rendered easy to the Young Student in a graduated Series of Exercises, 
calculated to meet his increasing ability, in the successive stages of his pro- 
gress. 4th Edition, 12mo. 2». dotn lettered. 

*«* This book is recommended by the Rev. T. K. Arnold, as an introduction 
to his Latin Verse Composition. 

Bosworth's (Rev. Dr.) Introduction to Latin Construing ; 

Or, Easy Lessons for Latin Reading while learning the Grammar ; with the 
Quantity of the Vowels on which the Pronunciation depends. 6th Edition, 
12mo, 28. 6d., cloth lettered. 

This little work is intended to teach, practically, the use of the Latin Gram- 
mar and Dictionary ; and while every care has been taken to remove obstacles, 
this Introduction is intended to call forth the latent energies of the mind by 
leaving sufficient cause for the Pupil's own exertion. 

Bosworth's (Rev. Dr.) Latin Construing; 

Or, Easy and Progressive Lessons from Classical Authors, with Rules for 
Translating Latin into English; designed to teach the Analysis of simple and 
compound sentences, and the methoa of construing Phsedrus, Nepos, and tiie 
higher clasncs, without the help of an English Translation. 4th Edition, 
12mo, 2». 6d., cloth lettered. 

It is the object of this book to point out to those who have a competent 
knowledge of Grammar, a general method of construing Latin without the 
debilitatme aid of English translations. After attending to the rules, illus- 
trated as tney are by copious examples from the easiest and best Roman 
classics, the pupil will have no difficulty in taking up any Latin author, and 
construing it with judgment and precision. 

Bosworth's Rudiments of Greek Grammar, 

As used in the CoU^e of Eton, with the quantity of the Latin and Greek 
Penultimate Vowels, on which the Pronunciation depends ; and Explanatory 
Notes in English, intended to combine the advantages of modem Grammars, 
with the justly-esteemed and well-established Eton plan. 4th Edition, 12mo, 
4»., cloth lettcored. 

Taylor's System of Stenography, or Short-hand Writing. 

A New Emtion, with additions Notes, and new Tables. Revised and im- 

{)roved, after considerable practice, by John Henry Cooke. Fcp. 39., cloth 
ettered ; or 39. 6d., roan lettered. 

Taylor's (Rev. H. J.) Rudiments of the Eton Greek Gram- 
mar, Literally translated into English : with Notes. 12mo, 4«., cloth lettered. 

Cromhie's (Rev. Dr.) Etymology and Syntax of the English 

Language explained and illustrated. 5th Edition, 8vo, 7<. 6d., cloth lettered. 



